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I INTRODUCTION 


A.  Summary 

The  Electromagnetic  Techniques  Laboratory  of  Stanford  Research  Insti- 
tute has  designed,  developed,  and  fabricated  a planar  K-band  (18,0  to 
26.5  GHz)  low-noise,  balanced  mixer  with  a wide  IF  bandwidtli  of  10  GHz 
using  advanced  microwave-integrated-circuit  (MIC)  techniques  specifically 
suited  for  millimeter-wave  applications.  These  mixers  successfully  demon- 
strate tlie  first  application  of  planar  MIC  techniques  at  millimeter  wave- 
lengths to  achieve  low-noise  performance  over  wide  bandwidths.  They  es- 
tablish the  feasibility  of  the  planar  MIC  approach  up  to  40  GHz  and  pave 
the  way  for  similar  developments  to  80  GHz  and  beyond. 

The  major  goals  of  the  development  were  to; 

• Obtain  wideband  operation  in  each  mixer  covering  as  a mini- 
mum the  K-  and  Ka-  waveguide  bands,  respectively. 

• Demonstrate  the  high-performance  capability  of  planar 
millimeter-wave  circuit  techniques  for  future  system 
applications. 

• Establish  techniques  that  are  feasible  for  operation  to 
the  40-to-60-GHz  range  and  above. 

• Establish  design  techniques  that  can  be  easily  extended  to 
include  YIG-tuned  filters  and  local  oscillators  all  on  one 
substrate. 

• Obtain  a design  of  minimum  size  and  eliminate  bulky  wave- 
guide adapters. 

• Achieve  nominal  conversion  loss  and  noise-figure  performance 
for  LO  power  variations  of  up  to  6 dB. 

• Provide  IF  filters  designed  with  10-GHz  bandwidth  to  extend 
the  potential  mixer  application  capabilities  to  systems 
using  double  conversion. 
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The  primary  objectives  of  tlie  mixer  development  program  were  to 
acliieve  liigli  performance  over  wide  bandwidths  in  a small  volume  wltli  liigh 
reliability  and  with  low  cost  in  production.  All  these  objectives  were 
acliieved  by  tlie  application,  to  the  millimeter-wave  region,  of  techniques 
proven  at  lower  frequencies.  This  approach  assured  tlie  successful  com- 
pletion of  the  development  program  within  a six  montli  period  and  resulted 
in  mixers  that  met  all  the  expected  performance  specifications. 

The  highliglits  of  the  typical  performance  of  the  two  types  of  mixers 
for  a LO  power  level  of  +3  dBm  are  listed  in  Table  I-l.  Additional  de- 
tails on  the  performance  are  contained  in  Sections  II  and  III. 


Table  I-I 

MIXER  PERFORMiXNCE  SUMMARY 


Main  Test  Parameters 

K-Band 

Image-Reject  Mixer 
(18-26.5  GHz) 

Ka-Band 
Balanced  Mixer 
(26-40  GHz) 

Goal 

Achieved 

Goal 

Achieved 

» 

LO  port  VSWR 

n 

1 .4:1 

2.5:1 

2.5:1 

RF  port  VSWR 

WBM 

1.5:1 

2.5:1 

1.5:1 

IF  port  VSWR 

2.0:1 

1.25:1 

1.5:1 

1.25:1 

Conversion  loss 

8.5  dB 

8.7  dB 

8.0  dB 

8.0  dB 

Noise  figure  at  168  MIlz  IF 
(IF  bandwidth  110  MHz, 

IF  amplifier  noise  figure 

10.0  dB 

10.2  dB 

9.5  dB 

9.5  dB 

1.5  dB) 

LO  to  RF  isolation 

13.0  dB 

15.0  dB 

25.0  dB 

25.0  dB 

1^1  balance  at  -20  dB  RF 

40.0  dB 

53.0  dB 

40.0  dB 

45.0  dB 

power  level 

Image  rejection 

20.0  dB 

22.0  dB 

Does 

not 

apply 

Does 

not 

apply 

2 


B , Cone  lus  ioiis 

The  K'  and  Ka-band  mixer  developments  o£  this  program  have  demonstrated 
tlie  broadband  capabilities  oi  the  planar  MIC  construction  at  frequencies  up 
to  40  GHz.  These  MIC  techniques  can  now  be  considered  for  application  in 
other  broadband  systems  at  mm  wavelengtlis . Some  appropriate  applications 
are  in  IFM  (instantaneous  frequency  measuring)  polar  discriminators, 
channelized  receiver  front  ends,  superhetrodyne  receivers,  and  other 
ECM/ESM  (electronic  counter  measures/electronic  support  measures)  appli- 
cations where  wide  bandwiath  performance  is  desired  with  small  size  and 
low  production  cost. 


It  appears  that  these  planar  MiC  techniques  can  be  extended  further 
in  £requency--f irst  to  bO  GHz  and  possibly  to  100  GHz.  At  tliis  time,  the 


planar  MIC  technique  seems  to  be  the  most  promising  for  achieving  wide 
i band  operation  at  nun  wavelengths.  The  upper  frequency  limit  will  be 

[ determined  primarily  by  the  precise  mechanical  dimensions  and  tolerances 


ODtainable  from  the  available  fabrication  technique.  New  design  approaches 
and  techniques  are  necessary  to  realize  circuit  components  (particularly 


3-dB  hybrids)  with  wideband  performance  at  100  GHz.  These  new  design 
approaches  will  require  less  stringent  mechanical  tolerances  (measured 
in  electrical  wavelengths)  in  order  to  provide  for  the  development  of 
complete  complex  planar  MIC  systems  up  to  100  GHz. 


I 

l 
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II  K-BAND  (18.0  to  26.5  GHz)  MIC,  IMAGE-REJECT  MIXER 


A.  BackKround 

The  K-band  (18.0  to  26.5  GHz)  image-reject  mixer  was  developed  lor 
shipboard  applications.  It  is  applicable  to  wideband,  low-noise  and  high- 
RF-bandwidth  receiver  systems  and  features  coaxial  RF  and  LO  ports  for 
easy  integration  with  YlG-tuned  filters  and  oscillators. 

The  basic  approach  used  to  realize  the  K-band  image-reject  mixer  was 
the  planar  MIC  technique.  All  of  the  RF  circuitry  and  a major  portion  of 
the  IF  circuitry  were  constructed  on  a single  sapphire  substate  0.75  y 1.50 
inches  in  size  and  0.010  inch  in  thickness.  This  approach  reduced  inter- 
connecting line  lengths  to  a minimum,  thereby  reducing  circuit  losses. 

Using  a single  substrate  also  eliminated  connectors  and  jumpers  from 
the  internal  circuitry  of  the  image-reject  mixer.  Subsequently,  impedance 
discontinuities  between  components  were  reduced  to  a minimum  so  that  phase 
and  amplitude  matching  over  a broad  band  could  be  more  easily  achieved. 

Because  each  of  the  component  parts  on  the  substrate  were  processed  at 
the  same  time,  their  performances  were  closely  balanced  and  the  overall 
balance  of  the  image-reject  mixer  was  substantially  enhanced. 

All  of  the  design  performance  goals  as  outlined  in  the  Introduction 
were  achieved  for  the  K-band  image-reject  mixer  Model  KlRM-2(2),  shown  in 
Figure  II-l.  In  particular,  consistent  performance  was  obtained  over  the 
entire  waveguide  bandwidth.  The  mixer  performed  as  expected  from  theoreti- 
cal considerations  under  conditions  of  LO  power  variations  of  6 dB. 

Section  11-B  discusses  the  design  principles  of  the  K-band  image- 
reject  mixer,  and  detailed  performance  characteristics  are  presented  in 
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SA-3414-17 

FIGURE  !I-1  K-BAND  (18.0  to  26.5  GHz),  MIC,  IMAGE-REJECT  MIXER,  MODEL  KIRM-212) 

Section  II-C.  Section  II-D  presents  performance  of  the  single-baianced- 
mixer  portion  of  the  image-reject  mixer  for  comparison  and  also  includes 
performance  of  several  of  the  component  parts  used  in  the  image-reject 
mixer.  Operating  instructions  for  the  image-reject  mixer  are  given  in 
Appendix  A.  The  performance  goals  for  tliis  development  and  a technical 
performance  comparison  are  presented  in  Appendix  8. 

B . Design  Principles 

The  image-reject  mixer  incorporates  a pair  of  balanced  mixers  (single- 
balanced  or  double-balanced),  two  RF  hybrids,  and  one  IF  hybrid  as  sltown 
in  Figure  II-2.  The  RF  is  fed  through  a quadrature  hybrid  wtiile  the  LO 
is  fed  through  an  in-phase  power  divider.  The  IF  outputs  from  each 
balanced  mixer  are  combined  in  a quadrature  hybrid  operating  at  the  IF 
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Real 

Output 

Image 

Output 


TA6S2S83-94 


FIGURE  11-2  BLOCK  DIAGRAM  OF  IMAGE-REJECT  MIXER 


frequency.  The  response  due  to  the  upper  sideband  appears  at  one  output 
port  of  the  IF  hybrid,  while  the  response  due  to  the  lower  sideband  ap- 
pears at  the  other.  Therefore,  the  image  response  is  suppressed  without 
the  use  of  Rf  bandpass  filters  preceding  the  tiF  port.^*  Also,  the  noise 
in  the  image  band  generated  by  a microwave  preamplifer  is  suppressed. 

Either  single-  or  double-balanced  mixers  may  be  used  in  the  design  of  an 
image-reject  mixer,  and  the  respective  advantages  and  disadvantages  of 
each  carry  over  to  the  image-reject  mixer. 

Figure  II-3  shows  the  RF,  IF,  and  bias  circuitry  of  the  K-band,  image- 
reject  mixer.  Model  KlRM-2(2).  The  IF  quadrature  hybrid  is  contained  in 
the  compartment  under  the  substrate  and  is  the  only  element  not  visible 
in  the  figure.  The  image-reject  mixer  shown  consists  of  two  single- 
balanced  mixers.  RF  and  LO  signals  are  supplied  to  each  single-balanced 
mixer  through  the  quadrature  hybrid  HI,  and  the  in-phase  power  divider. 

References  are  listed  at  the  end  of  each  major  section. 
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The  two  PC  boards  at  opposite  ends  of  the  sapphire  substrate  contain 
the  diode  bias  and  protective  circuits  and  provide  the  bonding  pads  for 
ribbon  leads  connecting  to  the  circuitry  on  the  sappliire  substrate.  The 
quadrature  hybrid  for  the  IF  and  the  coaxial  cables  to  the  IF  output  ports 
connect  through  the  back  side  of  che  PC  board  and  are  not  visible  in  the 
figure. 

C.  Measured  Performance 

A performance  summary  of  test  results  obtained  for  the  K-band,  image- 
reject  mixer,  model  KIRM-2(2)  is  shown  in  Table  Il-l. 

Details  of  the  noise-figure  performance  are  shown  in  Figure  11-4. 

From  the  data  in  Figure  II-4  the  diode  bias  currents  were  set  at  1.0  mA, 
corresponding  to  the  minimum-noise-figure  condition  with  +3  dBm  LO  drive. 
Note  also  that  at  1.0  mA  diode  current,  variations  of  the  LO  power  from 
0 to  *10  dBm  change  the  noise  figure  by  only  1,5  dB  and  by  only  0.6  dB 
for  LO  power  variations  from  +3  to  +10  dBm.  Therefore , for  the  condition 
in  which  the  LO  source  may  be  gradually  degrading,  as  is  not  unusual  at 
millimeter  wavelengths,  the  KIRM-2(2)  mixer  is  capable  of  providing  noise 
performance  that  is  only  slightly  degraded. 

The  conversion- loss  characteristic  shown  in  Figure  11-5  illustrates 
the  broadband  capability  of  the  KlRM-2(2).  The  conversion  loss  is  less 
than  9 dB  over  907o  of  the  band  and  rises  to  a maximum  of  10  dB  at  the 
upper  bandedge.  The  image-rejection  characteristics  and  the  2x2  inter- 
modulation products  are  also  shown  in  Figure  11-5.  The  curves  labeled 
Port  J1  apply  when  the  LO  frequency  is  greater  than  the  RF  frequency,  and 
Port  J1  is  the  output  port  for  the  real  IF  signal.  (Port  J2  would  be  the 
output  port  for  the  image  signal,  in  this  case.)  When  the  LO  frequency 
is  less  than  the  RF  frequency,  the  real  signal  appears  at  Port  J2  and  the 
curves  labeled  Port  J2  apply.  Note  that  the  image  rejection  is  typically 
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Table  11-1 


PERFORMANCE  OF  K-BAND,  MIC,  IMAGE-REJECT  MIXER, 
MODEL  KlRM-2(2) 


Notes 

Parameter 

Test  Results 

Max  or  Min  Data 



Typica 1 
Data 

+ 3 dBm 

+ 6 dBm 

Conversion  Loss,  dB 

10.0 

9.6 

8.7 

Image  rejection,  dB 

18 

17 

22 

LO-to-RF  isolation,  dB 

12 

9 

15 

LO-to-IF-isolation,  dB 

36 

36 

41 

RF  VSWR 

CM 

2.6:  1 

1.5:  1 

LO  VSWR 

2.0;  1 

2.4:  1 

1.4:  1 

IF  VSWR  (168  MHz) 

1.4;  1 

1.4:  1 

1.25: 1 

1-dB  compression  point,  dBm 

0 

+ 1 

+ 1.5 

1 

Common-mode  rejection,  dB 

16 

16.4 

26 

2 

2x2  suppression,  dB 

44 

45 

53 

2 

4x3  suppression,  dB 

>60 

>60 

>60 

2 

3x4  suppression,  dB 

>60 

>60 

>60 

3 

2-tone  2nd-order,  intermod,  dB 

-40 

-42 

N/A 

3 

2-tone  3rd-order,  intermod,  dB 

-52 

<-60 

N/A 

Mixer  Parameters 

F requency : 

Size : 

Weight : 

Power  requirements; 
LO  drive  range; 


18.0  to  26.5  GHz 

4"  X 2.5"  X 2.1"  excluding  connectors 
1 pound 

+15  Vdc  at  2 mA 
-15  Vdc  at  2 mA 
+3  to  +6  dBm 


Notes;  (1)  Injected  RF  level  = -20  dBm. 

IF  output  level  measured  relative  to  RF  level. 


(2)  RF  level  = -20  dBm. 

IF  output  level  measured  relative  to  primary  IF  output. 

(3)  RFl  = RF2  = -20  dBm. 

Data  taken  at  25  GHz. 
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DIODE  BIAS  CURRENT  — mA 


SA-3414-2 


FIGURE  11-4  NOISE-FIGURE  CHARACTERISTICS  AT  26  GHz  FOR  THE  K-BAND 
(18.0  to  26.5  GHz),  MIC,  IMAGE-REJECT  MIXER,  MODEL  KIRM-2(2) 


18  19  20  21  22  23  24  25  26  27  28  29  30 


FREQUENCY  — GHz 

SA  3414  3 

FIGURE  11-5  CONVERSION  LOSS,  IMAGE  REJECTION,  AND  2X2  INTERMODULATION 
PRODUCTS  FOR  THE  K-BANO  (18.0  to  26.5  GHz),  MIC,  IMAGE-REJECT 
MIXER,  MODEL  KIRM-2(2).  IF  frequency  = 168  MHz,  diode  bias  currents  = 
1.0  mA,  LO  power  input  = 3.0  dBm. 


greater  than  20  dB  and  dips  to  a minimum  of  17  dB  near  band  center.  2/2 
intermodu Lation  products  are  greater  than  40  dB  across  the  band. 

The  transfer  characteristics  and  the  second-order  intermodulation 
characteristic  is  shown  in  Figure  11-6.  The  1-dB  compression  point  is 
slightly  above  0 dBm  and  the  second-order  intermodulation  intercept  point 
is  +6  dBm.  Increasing  the  LO  drive  to  +10  dBm  has  only  a small  effect 
on  the  1-dB  compression  point,  increasing  it  to  about  +4  dBm. 

The  return  loss  of  the  LO  and  RF  ports  and  the  LO-to-RF  isolation 
are  shown  in  Figure  II-7.  The  minimum  return  loss  at  the  RF  port  is  8 dB, 
corresponding  to  a maximum  VSWR  of  2.3:1.  The  RF-port  return  loss  over 
most  of  the  band  is  greater  than  10  dB  (VSWR  = 1.9:1).  The  LO  port  re- 
turn loss  is  greater  than  10  dB  over  the  entire  band.  Both  the  RF  and 
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SA  3414-4 


FIGURE  1I-6  TRANSFER  CHARACTERISTICS  FOR  THE  K-BAND  <18.0  to  26.5  GHz),  MIC, 
IMAGE-REJECT  MIXER,  MODEL  KIRM-2(2).  Diode  bias  currents  = 1.0  mA, 
LO  power  input  = 0 dBm. 
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LO-PORT  TO 


FIGURE  11-7  RETURN  LOSS  AND  ISOLATION  CHARACTERISTICS  FOR  THE  K-BAND 
(18.0  to  26.5  GHz),  MIC,  IMAGE-REJECT  MIXER,  MODEL  KIRM-2(2). 
Diode  bias  currents  =1.0  mA,  LO  input  power  = 3 dBm. 
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LO  ports  are  fitted  with  coaxial  connectors  (Maury  Microwave  Corp.  Type 
MPC2)  suitable  for  operation  at  milLimeter  wavelengths  for  the  purposes 
of  testing  (see  Figure  ll-l).  (In  a system  integration,  the  coaxial 
cables  could  mate  directly  with  a YIG-tuned  filter  and  LO,  eliminating 
the  connectors.)  Assuming  that  the  connector  VSWR  and  the  VSWR  associated 
with  the  coaxial-to-microstrip  transition  at  the  substrate  are  about  equal, 
then  the  maximum  measured  VSWR  of  2.3:1  corresponds  to  a maximum  VSWR  of 
about  1.5:1  for  both.  Over  most  of  the  band,  where  the  measured  VSWR  is 
typically  less  than  1.9:1,  the  connector  and  the  transition  VSWRs  are  less 
than  1.38:1.  Therefore,  the  typical  input  VSWR  to  the  KIRM-2(2)  mixer  as 
seen  by  a YIG-tuned  filter  and  by  a YlG-tuned  LO  would  be  on  the  order  of 
1.38:1. 

The  LO-to-RF  isolation  characteristic  shown  in  Figure  11-7  indicates 
the  worst  case  isolation  to  be  12  dB  at  the  low-frequency  end  of  the  band, 
which  is  slightly  better  than  the  design  goal.  The  isolation  is  greater 
than  14  dB  over  the  remaining  90%  of  the  band  and  increases  to  values  in 
excess  of  20  dB  over  a significant  fraction  of  the  band. 

The  return  losses  of  both  the  image  and  real  IF  output  ports  are 
identical  and  are  shown  in  Figure  II-8.  At  the  IF  frequency  of  168  MHz 
the  return  loss  is  20  dB,  corresponding  to  a VSWR  of  about  1.2:1. 

D.  Design  and  Performance  of  Component  Parts 

1 . General 

In  order  to  achieve  maximum  performance  from  the  image-reject 
mixer,  each  component  part  was  first  tested  separately.  In  this  way,  the 
performance  of  each  component  part  could  be  individually  optimized,  be- 
cause once  the  components  were  assembled  into  an  image-reject  mixer,  there 
would  be  no  opportunity  for  individual  testing  and  the  effects  of  perfor- 
mance deviations  would  be  masked  by  other  components  so  that  interpretation 
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FIGURE  11-8  REAL  AND  IMAGE  IF-PORT  RETURN-LOSS  CHARACTERISTICS  FOR  THE 
K-BAND  (18.0  to  26.5  GHz),  MIC,  IMAGE-REJECT  MIXER,  MODEL 
KIRM-2(2).  Diode  bias  currents  = 1.0  mA. 


of  test  results  would  be  extremely  difficult.  In  this  subsection,  perti- 
nent component  parts  of  the  image-reject  mixer  are  discussed  and  individual 
performance  characteristics  are  presented.  The  components  are  treated  in 
order  of  descending  complexity  as  follows: 

• Balanced  Mixer 

• Diode  selection  and  matching  network 

• 3-dB  quadrature  hybrid 

• Low-pass  filter. 


2.  K-Band  (18.0  to  26.5  GHz).  MIC, 

Single-Balanced  Mixer 

A single-balanced  mixer  was  used  in  the  image-reject  mixer  rather 
than  a double-balanced  mixer  because  it  has  a lower  noise  figure  and  lower 
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VSWR.  In  addition,  it  is  somewhat  Less  complex.  The  single-balanced- 
mixer  portion  of  the  image-reject  mixer  indicated  in  Figure  11 -3  was 
tested  by  feeding  RF  and  LO  signals  into  the  two  arms  of  the  3-dB  quadra- 
ture hybrid  that  are  opposite  the  two  arms  connecting  to  the  mixer  diodes. 

This  was  accomplished  by  constructing  the  single-balanced  mixer  on  a square 
substrate  approximately  one-half  the  length  of  the  image- re ject-mixer  sub- 
strate so  that  the  input  arms  to  the  3-dB  quadrature  hybrid  were  accessible 
at  the  substrate  edges  and  could  be  connected  to  coaxial  input  lines 
through  suitable  transitions. 

The  double-sideband  (DSB)  noise-figure  characteristic  of  the 
single-balanced  mixer  is  shown  in  Figure  11-9,  and  corresponds  to  curves  in 
Figure  11-4  for  the  image-reject  mixer  wiiere  LO  power  inputs  are  two  times 

as  great  as  for  the  single-balanced  mixer  to  account  for  the  extra  diodes. 

For  example,  the  0-dBm  curve  in  Figure  11-9  corresponds  to  the  +3  dBm  curve 
in  Fiugre  11-4.  The  minimum  double- sideband  noise  figure  is  7 dB  at  0 dBm 
LO  power  input  to  the  single-balanced  mixer  and  occurs  at  a diode  bias 
level  slightly  greater  than  I mA.  For  the  same  LO  power  input  per  diode 
(i-3  dBm  total  to  the  mixer)  and  the  same  bias  level  of  1 mA,  the  noise 
figure  of  the  image-reject  mixer  is  10  dB  from  Figure  11-4.  The  noise 
figure  of  the  image-reject  mixer  is  the  single-sideband  noise  figure  be- 
cause of  the  image-cancelling  properties  of  the  image-reject  circuit,  and 
should  be  3 dB  greater,  theoretically,  than  the  7-dB  double  sideband 
noise  figure  of  the  single-balanced  mixer. 

Figure  11-10  shows  the  noise  figure  obtained  as  a function  of  LO 
power  input  with  the  diode  bias  currents  adjusted  for  minimum  noise  figure 
at  each  value  of  LO  input  power.  By  adjusting  the  bias  currents  as  shown, 
the  mixer  can  be  used  over  a wide  range  of  LO  powers  with  very  small  varia- 
tion in  the  noise-figure  performance. 


17 


OPTIMUM  NOISE  FIGUftE 
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SA  3414-8 


FIGURE  ll‘10  LOWEST  ATTAINABLE  NOISE  FIGURE  AT  26  GHz  FOR  THE  K-BAND 
(13.0  to  26.5  GHz),  MIC,  BALANCED  MIXER,  MODEL  KDMIX-1 


r 


1 he 


The  conversion- Loss  characteristic  is  shown  in  Figure  Ll-LL. 
convers ion- loss  is  typically  Less  than  8 dB  over  most  of  the  band, 


FREQUENCY  — GHz 


S A 3414  9 

FIGURE  n-11  CONVERSION  LOSS  FOR  THE  K-BAND  (18.0  to  26.5  GHz),  MIC, 

BALANCED  MIXER.  MODEL  KDMIX-1.  Diode  bias  currents  = 1.0  mA, 
LO  input  power  « 0 dBm. 
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increasing  to  about  8.4  db  at  26  GHz,  and  compares  well  with  the  noise- 
figure  data  measured  with  an  ampLifier  with  1,5  db  noise  figure. 

The  return-loss  characteristics  for  the  single-balanced  mixer  in 
Figure  11-12  indicate  a VSWR  less  than  2.0:1  (10  db  return  loss)  over  the 
band  for  both  the  RF  and  LO  ports  with  the  exception  of  one  point  where 
the  LO  port  VSWR  increases  to  a maximum  of  2.3:1,  The  LO-to-RF  isolation 
for  the  single-balanced  mixer  varies  between  5 and  10  db  over  the  band. 

3 . Diode  Selection  and  Matching  Network 

Hewlett  Packard  Schottky-bar rier  beam-lead  diodes  (HP  5082-2769) 
were  used  in  the  K-band,  image-reject  mixer.  They  had  the  following 


characteristics 

Junction  capacitance  0.08  pF 

Series  resistance  5 ohms 

Junction  resistance  (1  mW  LO  power)  230  ohms 

Package  capacitance  0.02  pF 

Lead  inductance  0.1  nH 


The  cut-off  frequency  and  self-resonance  frequency  for  these  diodes  are 
approximately  400  GHz  and  50  GHz,  respectively.  The  diodes  were  connected 
electrically  in  shunt  by  mounting  them  between  the  microstrip  line  and 
a grounding  post  through  the  substrate  to  the  ground  plane.  The  post  was 
fabricated  by  u Itrasonica 1 ly  drilling  a 0.040-inch-diameter  hole  in  the 
substrate  and  filling  it  with  silver  epoxy.  A broadband  RF  match  to  the 
diode  impedance  was  designed  by  including  the  beam-lead  parasitics  as 
part  of  a lumped-element  matcning  network.  Additional  series  inductance 
was  obtained  by  increasing  the  gap  size  where  the  beam-lead  diodes  were 
mounted.  Additional  shunt  capacitance  was  obtained  by  adding  capacitive 
islands  to  the  microstrip  line  near  the  diode. 
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LO-TO-RF  ISOLATION — dB  RETURN  LOSS 
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SA  3414-10 


FIGURE  IM2  RETURN  LOSS  AND  ISOLATION  CHARACTERISTICS  FOR  THE  K-BAND 
(18.0  to  26.5  GHz),  MIC,  BALANCED  MIXER,  MODEL  KDMIX-1.  Diode 
bias  currents  =>  1.0  mA,  LO  power  input  = 0 dBm. 


21 


The  return  loss  was  more  than  12.5  dB  over  the  band,  as  shown 
in  Figure  11-13,  corresponding  to  a maximum  VSWR  of  about  1.6:1.  This 
also  includes  the  VSWK  of  the  connectors. 


18  19  20  21  22  23  24  25  26  27 


FREQUENCY  — GHz 


SA  -3414-1 1 


FIGURE  1M3  RETURN  LOSS  CHARACTERISTIC  FOR  BROADBAND  MATCHING  NETWORK 
FOR  K-BAND  MIXER  DIODE,  HP5082-2769 


4.  K-Band  (18.0  to  26.5  GHz), 

MIC,  3-dB  Quadrature  Hybrid 

The  3-dB  quadrature  hybrid  was  realized  by  connecting  two 
8.34-dB  edge-coupled  microstrip  couplers  in  tandem.  Crossovers  were 
placed  at  the  center  of  each  8.34-dB  coupler  in  order  to  preserve  the 
overall  symmetry  of  the  3-dB  hybrid  and  assure  that  the  quadrature  phase 
relationship  between  the  outputs  was  maintained  over  the  entire  band. 
Because  the  coupler  is  physically  very  short,  the  crossovers  represent  a 
significant  portion  of  its  length  and  have  a significant  effect  on  the  per- 
formance by  introducing  discontinuities  that  increase  the  ripple  response. 
The  effects  of  the  crossovers  and  also  of  the  discontinuities  presented 
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to  tlie  coupler  at  its  ports  during  testing  are  evident  in  the  performance 
characteristics  of  Figure  11-L4.  Over  the  l8.0-to-26. 5-GHz  band,  the 
coupling-characteristic  imbalance  is  ±0.7  dll  maximum.  The  dissipation 
loss  througii  the  coupler  is  about  O.fe  dil  for  each  path.  This  loss  also 
includes  losses  introduced  by  connectors  and  transitions  used  to  test  the 
hybrid,  and  would  be  somewliat  less  for  the  hybrid  imbedded  in  the  image- 
reject-mixer  circuitry. 

5 . Low-Pass  Filter 

The  low-pass  filter  for  the  extraction  of  tlie  IF  signal  was 
designed  using  a semilumped  approximation.  High-impedance  lines  were 
used  to  realize  series  inductors,  and  low- impedance  lines  to  realize 
shunt  capacitors.  A seven-pole  filter  was  realized  by  fabricating  the 
capacitor  sections  on  the  substrate  and  bonding  O.OOl-inch-diameter  gold 
wire  between  the  capacitor  islands  for  the  inductors.  The  IF  frequency 
of  the  mixer  was  168  MHz  and  was  determined  by  the  IF  hybrid,  but  the  low- 
pass  filter  was  designed  for  IF  frequencies  up  to  X band.  Measured  per- 
formance of  the  low-pass  filter  when  terminated  in  50  ohms  gave  a VSWR  of 
1.05  at  168  MHz  and  an  insertion  loss  of  0.10  dB.  The  filter  performance 
over  the  frequency  range  from  300  MHz  to  18  GHz  is  shown  in  Figure  11-15 
and  illustrates  the  low-pass  characteristic  with  a cutoff  frequency  of 
about  11  GHz. 

E . Conclusions 

The  utility  and  advantages  of  planar,  MIC  techniques  applied  at  milli- 
meter wavelengths  have  been  demonstrated  successfully  by  the  K-band  image- 
reject-mixer  development.  The  wideband  performance  obtained  is  comparable 
to  that  of  lower-frequency  MIC  mixers  and  derives  directly  from  the  use 
of  planer  techniques  and  beam-lead  diodes  with  very  high  cutoff  frequen- 
cies. By  use  of  the  MIC  medium,  it  was  possible  to  avoid  the  restrictive 
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FIGURE  11-15  LOW  PASS  FILTER  PERFORMANCE  CHARACTERISTICS  The  3-dB  loss 
point  is  at  11.4  GHz. 
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bandwidth  limitations  associated  with  waveguide  circuits  and  to  open  up 
the  millimeter-wave  bands  to  wideband  system  realizations.  In  addition, 
fabrication  of  the  entire  RF  portion  of  the  image-reject  mixer  on  a single 
substrate  substantially  reduced  internal  impedance  mismatches  and  resulted 
in  an  inherent  balance  between  components  that  were  subjected  to  identical 
processing  steps.  As  a result,  low-noise  performance  and  good  image  re- 
jection and  LO-to-KF  isolation  were  obtained  over  the  entire  K band. 

The  successful  application  of  the  MIC  technique  at  millimeter  wave- 
lengths requires  that  circuits  be  fabricated  with  mechanical  precision 
commensurate  with  the  small  wavelengths.  Precision  delineation  of  the 
thin-film  circuit  patterns  is  greatly  enhanced  by  the  use  of  smooth  sub- 
strate material  such  as  polished  sapphire.  The  use  of  smooth  substrate 
materials  and  photolithographic  techniques  routine  to  semiconductor 
integrated-circuit  production  provides  adequate  precision  and  repeatability 
to  assure  high  yield  and  low-cost  production  of  relatively  complex  MIC 
circuits  at  millimeter  wavelengths.  It  is  clear  that  the  techniques  used 
to  produce  the  K-band  image-reject  mixer  can  be  extended  to  40  and  possibly 
60  GHz  with  minimum  difficulty. 
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Ill  Ku-MND  (26.5  to  40  GHz)  PLANAR  BALANCED  MIXER 


A.  Background 

Waveguide  single-ended  and  balanced  mixers  for  millimeter-wave  fre- 
quencies have  been  available  for  many  years.  The  instantaneous  RF  band- 
width of  these  mixers  was  limited  to  between  107o  and  207,.  Wider  bandwidths 
in  waveguide  are  difficult  to  achieve.  Therefore,  a new  planar  approach 
was  taken  that  circumvented  most  of  the  difficulties  of  a waveguide  de- 
sign and  offered  all  other  advantages  of  an  integrated-circuit  design, 
such  as  small  size,  low  cost,  high  reliability,  and  reproducibility. 

Two  major  obstacles  that  limit  the  bandwidth  of  waveguide  mixers  will 
be  touched  upon  briefly.  For  many  years,  chip  diodes  mounted  in  a so- 
called  Sharpless  waveguide  wafer^  were  the  only  diodes  suitable  for 
millimeter-wave  frequencies.  These  diodes  were  limited  in  bandwidth 
because  of  the  parasitic  reactances  of  the  chip  itself  and  those  of  the 
wafer  mount.  More  recently,  GaAs  Schottky-barrier  dii.  s with  very  high 
cutoff  frequencies  (1000  GHz  and  higher)  and  low  junction  capacitances 
have  become  available.  Even  more  important,  GaAs  diodes  are  now  on  the 
market  in  the  form  of  beam-lead  devices,  wliich  make  microwave  integrated 
circuits  (MIC)  at  millimeter-wave  frequencies  practical.  Because  the 
MIC  transmission-line  geometries  such  as  microstrip  or  stripline  are 
smaller  than  waveguide  geometries,  and  the  electromagnetic  fields  are 
confined  to  smaller  areas,  interconnections  with  small  semiconductor 
diodes  are  possible  with  greatly  reduced  parasitic  reactances. 

For  wideband  applications,  single-ended  mixers  are  normally  insuf- 
ficient because  they  lack  local-oscillator  (LO)  noise  suppression  and 
low  spurious-response  density.  Therefore,  balanced  or  double-balanced 
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mixers  have  to  he  used.  Balanced  mixei's  ret|uire  either  a 90°  ui'  ]B0° 
hybrid  to  combine  the  LU  sit;nal  and  Ur  sip;nal.  Waveguide  hybrids  were 
ruled  out  because  ol  limiled  bandwidth  (shoit-slot  eoujiler,  branch-line 
coupler,  or  magic  Tee)  or  because  of  excessive  coupling  imbalances  (multi- 
hole coupler).  In  addition,  all  waveguide  couplei's  are  quite  large  in 
size,  and  two  separate  transitions  to  a circuit  meilium  convenient  to 
mount  the  two  diodes  would  bc>  required.  On  the  other  hand,  stripline  or 
microstrip  wideband  quadrature  hybrids  from  26.5  to  40  GHz  are  very  dif- 
ficult to  realize.  The  microstrip  design  developed  for  the  18-to-26 . 5-GlIz 
image-reject  mixer  probably  rejiresents  the  uppermost  limit  of  that  par- 
ticular design.  Branch-line  couplers  covering  the  complete  Ka-band  are 
feasible,  but  their  performance  is  not  very  appealing.  Most  promising  at 
the  time  of  this  writing  appears  to  be  a hybrid  branch-line  coupler  in 
microstrip. This  design  combines  microstrip  and  slotline  to  achieve  a 

wideband  quadrature  hybrid  with  an  easily  achievable  geometry.  It  is 

o 

also  important  to  note  the  differences  between  a mixer  using  a 90  hybrid 
o o 

and  one  using  a 180  hybrid.  The  90  hybrid  generally  has  good  LO  and 
HK  port  VSWUs,  but  suffers  from  a low  LO-to-RF  isolation.  Opposed  to 
that,  a 180°  hybrid-coupled  mixer  has  good  LO-to-RF  isolation  but  has 
normally  poorer  LO  and  RF  port  VSWRs.  If  LO-to-RF  isolation  is  an  im- 
portant factor,  the  180°  hybrid  is  the  proper  choice. 

Because  none  of  the  above-mentioned  hybrids  offered  performances 
satisfying  all  the  requirements  for  a wideband  Ka-band  mi.xer,  a design 

o 

based  on  forming  a 180  hybrid  junction  by  joining  two  orthogonal  trans- 
mission lines  was  selected.  The  basic  principle  of  this  design  is  shown 
in  Figure  III-l,  The  RF  input  is  a balanced-line  system  (e.g.,  waveguide, 
two-wire  line,  or  slot  line).  The  unbalanced  input  (e.g.,  coaxial  line, 
stripline,  or  coplanar  waveguide)  carries  the  LO  signal.  Two  diodes 
appearing  in  series  and  with  equal  polarity  across  the  RF  port  and  in 
parallel  with  opposite  polarity  complete  the  hybrid  junction.  With  the 
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BALANCED  LINE  UNBALANCED  LINE 


TA-6S2583-76 

FIGURE  III-1  SCHEMATIC  OF  Ka-BAND  BALANCED  MIXER  USING  BALANCED 
AND  UNBALANCED  LINES 

diodes  so  connected,  the  IF  signal  appears  on  the  unbalanced  side.  There- 
fore, a diplexer  consisting  of  a low-pass  filter  (LP)  and  a bandpass  filter 
(BP)  is  necessary  to  separate  the  IF  and  LO  signals.  This  hybrid  junction 
is  essentially  equivalent  to  a waveguide  T with  the  unbalanced  and  the 
balanced  ports  corresponding  to  the  M and  the  E arms.  The  remaining  two 
ports  of  the  waveguide  T correspond  to  the  ports  to  which  tlie  diodes  are 
connected.  By  nature  of  the  geometrical  symmetry  of  the  junction,  this 
hybrid  has  perfect  isolation  between  the  RF  and  the  LO  ports.  In  practice, 
the  isolation  is  limited  only  by  geometrical  asymmetries  and  an  Imbalance 
of  the  diodes.  The  following  section  presents  details  of  the  practical 
application  of  this  mixer  schematic  to  the  Ka-band  mixer. 
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B. 


Do  sign  Con  sidt*  rat  ions 


The  design  of  the  novel  26 . 5- to-TO-GHz  mixer  is  liest  illnstratefi  hy 
means  of  the  photographs  of  the  actual  unit  as  given  in  figure  I I I -2  and 
particularly  in  figure  I1I-3.  An  outside  view  is  shown  in  figure  I 1 I -d . 

■file  circuit  is  printed  on  two  0.010-incli  quartz  substrates.  Quartz  was 
selected  because  of  its  low  loss  tangent  and  its  low  dielectric  constant 
(£,-  = 3.7fi),  which  means  a reduction  in  loss  compared  with  higher  dielec- 
tric substrates  such  as  sapphire.  .A  180°  hybrid  junction  was  selected, 
using  a balanced  slotline  for  the  lit'  signal  and  an  unbalanced  coplanar 
waxeguide  for  the  bO  and  If  signals.  The  junction  geometry  is  ideal  for 
mounting  beam-lead  diodes.  'I'lie  HF  input  of  the  mixer  is  in  waveguide, 
shown  on  the  right  side  in  Figure  111-3.  The  substrate  sits  in  the  center 
ol  the  waveg.iide,  perpendicular  to  the  broad  wall.  A tapered  transition 
printed  on  the  substrate  matches  the  waveguide  input  to  the  slotline, 
which  has  a cliarac ter i s t i c impedance  of  100  ohms.  Only  on  the  waveguide 
side,  the  taper  is  interrupted  by  a single  step,  nominally  away  from 

the  edge  of  the  substrate.  This  stop  compensates  the  abrupt  discontinuity 
caused  by  the  emergence  of  the  quartz  substrate  in  the  waveguide.  Like 
all  major  components  of  the  mixer,  the  taper  was  evaluated  initially  in 
a model  experiment  at  C-band.  Design  details  and  results  of  the  component 
development  will  be  treated  separately  in  Section  111-D. 

♦ 

The  input  line  for  the  LO  is  a coaxial  semirigid  cable.  This  allows 
easy  interconnection  with  a YlG-tuned  oscillator,  which  is  usually  con- 
structed with  coaxial  transmission  lines.  Visible  on  the  left  side  of 
figure  1 1 1 -3  is  the  transition  from  the  semirigid  cable  to  a suspended  sub- 
strate. The  center  conductor  of  this  lino  is  printed  on  the  quartz  sub- 
strate, with  the  outer  conductor  formed  by  a 0.080-by-0. 080-inch  channel 
in  the  housing.  A three-section  bandpass  filter  formed  by  half-wave, 

♦ 

The  coaxial  connector  used  is  the  MPC2,  male,  from  Maury  Microwave, 

Cucamonga,  California,  which  provides  mode-free  operation  up  to  40  GHz. 

Transitions  from  MPC2  to  waveguide  are  available  from  Maury  Microwave. 
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XER  FROM  26.5  TO  40  GHz  SHOWING 
ISING  AND  THE  TWO  OUARTZ  SUBSTRATES 
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FIGURE  III-3  DETAILED  VIEW  OF  THE  BALANCED  MIXER  CIRCUIT  FOR  26.5  TO  40  GHz 
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FIGURE  III-4  Ka-BAND  PLANAR  BALANCED  MIXER 

paral  lul-couplt'd  resonators  located  alternately  on  the  top  and  the  bo' tom 
side  of  the  suspended  substrate  passes  the  LO  sipnal,  but  stops  the  IF 
sifjnal.  The  passband  insertion  loss  of  this  filter  is  less  than  1 dH . 
Stop-band  insertion  loss  is  better  than  21  dB  at  10  GHz  and  39  dB  at 
2 GHz.  The  I.O  bandpass  filter  is  followed  by  a section  of  straight 
50-ohm  suspended  substrate  stripline  and  a tapered  section  that  is  more 
precisely  referred  to  as  coplanar  waveguide  because  the  channel  dimensions 
do  not  change  in  the  tapered  section.  The  taper  maintains  the  50-ohm 
impedance  level.  A pair  of  matched  diodes  is  mounted  at  the  .iunction  of 
the  slotline  and  the  coplanar  waveguide. 
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Kxtraftion  of  t lie  IK  sit^nal  occurs  by  moans  of  a semilumped  low- 
pass  filter  that  is  constructed  in  rnicroslrip.  This  filter  has  a nominal 
passband  from  dc  to  10  GHz  and  a stop-band  attenuation  of  more  than  50  dli 
from  26.5  to  TO  GHz.  Special  care  has  bc>en  f^iven  to  the  common  junction 
of  the  bandpass  and  low-pass  filter.  The  residual  reactance  of  both 
filters  presented  at  the  common  junction  was  taken  into  account  in  the 
desifjn  of  each  filter. 

Separate  biasiitf?  of  the  two  diodes  in  this  mixer  was  made  possible 
by  dc-isolating  the  large,  printed  gold  areas  that  form  the  ground  con- 
ductor for  the  coplanar  waveguide  and  the  slotline  taper.  An  KK  short 
to  the  housing  of  those  conductors  is  accomplished  with  0.0005-inch  mylar 
insulators  between  the  gold  metallization  and  the  top  cover  of  the  mixer. 
The  insulated  areas  in  the  top  cover  are  a quarter  wavelength  wide  at  mid- 
band. Together  with  the  cavities  on  both  sides  of  the  waveguide  channel 
(see  Figure  III-2),  an  effective  RF  choke  system  is  formed.  Two  1000-pF 
capacitors  are  mounted  between  the  substrate  and  ground  for  the  IF  ground 
return.  The  diodes  are  current-biased  from  a dc  voltage  supply  through 
resistors  of  several  kilohms.  To  allow  different  currents  in  the  two 
diodes,  a 5.1-kilohm  resistor  is  connected  to  ground  on  the  IF  output 
side  to  provide  a path  for  the  difference  in  the  two  diode  currents  to 
ground.  This  resistor  has  a negligible  influence  on  the  performance 
of  the  mixer. 

The  most  critical  elements  of  the  mi.xer  are  the  diodes.  They  deter- 
mine to  a high  degree  the  RF  bandwidth,  the  conversion  loss,  and  the  noise 
figure  that  are  achievable  with  a given  configuration.  For  millimeter- 
wave  applications,  Schottky-barrier  diodes  with  an  extremely  high  cutoff 
f retpiency , f , low  junction  capacitance,  C , and  low  series  inductance, 

♦ j 

L , are  required.  Ueam-lead  diodes  in  GaAs  with  C = 0.05  pF  have  been 

s ,j 

used  in  the  current  Ka-band  mixer.  The  low  parasitic  reactances  of  the 

» 

Ai;i  Semiconductors,  Lincoln,  Kngland. 
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1 iliodes  and  the  particular  mixer  dcsinn  technique,  which  permits  mounting 

ol  the  diodes  with  essentially  no  additional  parasitic  reactances  because 
matched  transmission  1 iiU’s  lead  directly  up  to  tlie  diode  junctions,  en- 
able a wideband  match  ol  the  mixer  diodes  at  all  ports.  A small  sapphire 
chi|)  across  ^lie  slot  line  was  used  as  tlie  only  tuning  element.  In  a pro- 
duction unit,  however,  this  chip  could  be  replaced  by  a printed  inter- 
digital  capacitor.  A good  match  ol  the  diodes  is  important,  liecause  mis- 
match losses  at  the  UF  and  IF  port  add  directly  to  the  noise  tigure.  Kx- 
. cessive  mismatch  at  the  1.0  port  reduces  the  pump  power  supplied  to  the 
diodes  and  has  a detrimental  effect  on  the  noise  figure  and  the  dynamic 
range  of  the  mixer.  Details  about  the  diode  selection  and  the  design  of 
the  matching  network  are  presented  in  Section  Ill-D. 

C.  Measured  Performance 

A final  version  of  the  26 . 5-to-lO-GIlz  mixer  was  subjected  to  numerous 
tests.  A summary  of  the  test  results  is  presented  in  Table  lll-l. 

Some  of  the  most  important  results  are  shown  in  more  detail  in  the 
following  figures.  Conversion-loss  data  are  presented  in  Figure  111-3 
for  +3  and  +6  dllm.  Also  shown  are  the  noise  figures  at  39  GHz.  A 
mechanically  tuned  Gunn  oscillator  was  used  for  the  noise-figure  measure- 
ments. The  increasing  difference  in  conversion  loss  above  36  GHz  between 
the  two  LO  power  levels  shown  is  due  to  increasing  loss  in  the  1.0  path, 
which  leads  to  a less-than-suf f icienl  LO  drive  level  at  the  fixed  bias 
current  of  1.3  mA.  Figure  111-6  shows  the  return  loss  for  the  KF  and  LO 
port.  The  KF-port  measurement  is  made  at  +0  dlim  and  1.5-mA  bias  current 
(no  LO) . It  demonstrates  the  excellent  match  that  was  achieved  over  the 
full  band  (10-dB  return  loss  corresponds  to  a VSWU  of  2:1).  On  the  LO 
side,  the  return  loss  is  over  most  of  the  band  below  6 dll  (3:1  VSWU). 

The  real  part  of  the  LO  impedance  of  one  diode  is  approximately  60  ohms. 
Two  diodes  appear  in  parallel  at  the  LO  port,  resulting  in  a 30-ohm 
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CONVERSION  LOSS  OR  NOISE  FIGURE 
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111-5  CONVERSION  LOSS  AND  NOISE  FIGURE  OF  Ka-BAND  BALANCED  MIXER, 
MODEL  RBM-1 
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FIGURE  III-6  RETURN  LOSS  OF  RF  AND  LO  PORT  OF  Ka-BAND  BALANCED  MIXER, 
MODEL  RBM-1 
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Ic'rminal  ion  for  the  hO  transmission  line  of  iH>minally  50  ohms.  I'he  mea- 
sured VSWR  is  above  llie  1,67:1  theoretical  level  because  of  the  matching 
network  that  is  optimized  tor  the  UK  side  and  not  for  the  LO  side,  as 
well  as  interaction  witli  reflections  of  the  liandpass  filter  and  the  transi- 
tions. A LO-port  VSWK  of  3:1  is  fully  satisfactory  for  low-noise  operation 
of  a tialanced  mixer  at  2-mW  incident  power  level.  As  Barber"  pointed  out, 
a pump  source  that  is  either  significantly  higher  or  lower  in  impedance 
than  the  diode  impedance  actually  slightly  improves  the  conversion  loss. 

The  separation  of  RK  and  I.O  port  would  theoretically  permit  independent 
matching  of  the  RK  and  1.0  port.  However,  coplanar  waveguide  impedances 
below  50  ohms  on  a quartz  substrate  are  impossible  to  obtain  because  the 
gaps  are  too  narrow. 

The  inherent  frequency-independent  decoupling  between  the  LO  and  RF 
port  is  evidenced  by  the  good  LO-to-RF  isolation  as  shown  in  Figure  II 1-6, 
and  the  good  LO  AM  suppression.  Actually,  the  isolation  presenteil  in 
Figure  1II-7  is  not  the  optimum  achievable.  Most  of  the  remaining  im- 
balance is  caused  by  the  sapphire  chip  in  the  diode  area.  It  is  difficult 
to  mount  the  chip  in  a perfectly  symmetrical  location.  VTthout  the  chip, 
the  isolation  can  easily  be  adjusted  for  better  than  25  dB  by  regulating 
the  two  diode  currents. 

Figure  1 1 1-8  shows  the  noise-figure  dependence  at  39  GHz  with  LO 
power  and  as  a function  of  bias  current.  Ttiese  test  data  demonstrate 
that  under  proper  biasing  conditions,  a flat  noise  figure  can  be  main- 
tained with  more  than  10  dB  of  LO  power  variation.  This  can  be  obtained 
at  a minor  overall  sacrifice  in  noise  figure.  The  high-IF  frequency 
response  of  the  mixer  is  shown  in  Figure  III-9.  Also  plotted  is  the 
attenuation  slope  of  the  IF  filter,  which  indicates  that  the  increase  in 
conversion  loss  with  IF  frequency  is  solely  due  to  the  IF  filter.  For 
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FIGURE  111-8  NOISE  FIGURE  VERSUS  LO  POWER  FOR  Ka-BAND  BALANCED  MIXER, 
MODEL  RBM-1 
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FIGURE  III-9  HIGH  IF  FREQUENCY  RESPONSE  OF  Ka-BAND  BALANCED 
MIXER,  MODEL  RBM-2 


these  htgh-IK  measurements,  additional  100-pK  capacitors  had  to  be  con- 
nected parallel  to  the  1000-pF  bypass  capacitors.  The  latter  alone 
restrict  the  IF  response  to  2 GHz.  The  II  impedance  was  also  measured 
for  different  LO  power  levels  and  bias  currents.  From  0.1  to  2.0  GHz, 
the  IF  VSWK  stays  typically  below  1.3;1  and  docs  not  exceed  1.5:1.  Finally, 
suppression  of  intermodulation  products,  single-tone  as  well  as  double- 
tone, is  at  least  comparable  to  that  of  lower-frequency  mixers  at  similar 
LO  drive  levels. 
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I'.  IX'si(jn  and  Purformanco  of  Component  Parts 

In  this  section  some  of  the  detailed  work  tliat  went  into  the  design 

ol  the  Ka-band  balanced  mixer  is  explained  more  carefully  than  was  pos- 

sit)le  in  Section  III-13.  As  already  pointed  out,  most  component  parts 

were  initially  built  and  tested  in  scale  models  at  a lowier  frequency. 

For  these  models  wo  used  1/16-incli  copper-clad  dielectric  sheets  with 

e =4  (which  is  close  to  the  relative  dielectric  constant  of  quartz), 
r 

This  dictated  a scale  factor  of  6,25  and  scaled  conveniently  from  Ka-band 
(WR  28)  to  C-band  (WR  187).  Some  experiments  were  also  conducted  at 
•X-band  with  a scale  factor  of  3.125.  Only  after  satisfactory  performance 
had  been  obtained  witli  the  scale  model  was  a circuit  at  tlie  actual  fre- 
quency fabricated.  The  only  element  that  is  difficult  to  scale  is  the 
beam-load  mi.xor  diode,  which  is  available  in  one  size  only.  The  theoreti- 

■ 4 

cal  basis  for  scaling  of  microwave  circuits  can  be  found  in  Schneider. 

1,  LO-IF  Uiplexor 

Initially,  wo  determined  experimentally  the  dimensions  of  a 
50-ohm  suspended  substrate  line  and  then  designed  the  LO-bandpass  filter. 
This  filter  is  a throe-section  half-wave  parallel-coupled  line  filter 
with  the  resonators  printed  alternatively  on  the  top  and  the  bottom  side 
of  t,he  substrate.  This  design  provides  strong  coupling  between  the  res- 
onators and  relatively  low  capacitance  to  ground,  a necessity  for  a wide- 
band filter  of  this  type.  Initial  values  for  the  filler  parameters 
(Chobyshev  with  0.1  dB  ripple)  were  taken  from  o.xisting  design  tables. 
However,  because  of  the  inhomogeneous  dielectric  of  the  coupled-line 
sections,  the  even-  and  odd-mode  velocities  are  different.  Therefore, 
the  filter  was  analyzed  and  optimized  using  exact  equivalent  circuits 
for  coupled-line  sections  in  an  inhomogeneous  dielectric.^  Because  of 
the  largo  difference  in  the  mode  velocities,  the  filter  response  deviates 
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sipi  11 icantly  from  that  of  a similar  filler  in  a homogeneous  medium.  The 
final  optimization  of  the  filler  \^as  done  in  the  scale-model  experiment. 

The  IK  Imv-pas.s  1 liter  is  of  tlie  semilumpod  type  and  built  in 
microslrip.  The  standard  design  proceilure  as  outlined  in  Matthaei,  Young, 
and  .Jones^  was  used.  The  design  is  Itased  on  a seven-section  Chebyshev 
prototype  with  0.01  dll  ripple.  The  cutoff  f I'cquency  is  10  GHz  and  in  the 
center  of  the  26 . 5-lo— 10-GHz  band  the  input  impedance  of  the  filter  at  the 
common  junction  of  the  diplexer  is  adjusted  for  an  open  circuit.  The 
large  separation  of  the  two  passbands  makes  the  interconnection  of  the 
two  filters  easy.  Nevertheless,  the  residual  reactance  of  the  bandpass 
filler  was  taken  into  account  in  the  design  of  the  low-pass  filter  and 
lice  Versa. 

After  the  successful  completion  of  scale-model  experiments, 
an  actual-size  diplexer  was  fabricated  and  tested.  The  major  results  of 
these  tests  are  shown  in  Kiguro  111-10.  The  low-pass  filter  response  is 
close  to  theoretical.  Ttie  return  loss  is  better  that  20  dB  (VSWR  < 1.2:1) 
up  to  7 GHz,  but  stays  bel<w  11  dB  up  to  10  Gfiz.  The  attenuation  of  the 
low-pass  filler  above  10  GHz  increases  monotonical ly  and  roaches  close  to 
50  dU  at  18  GHz.  In  the  26 . 5-to-40-GHz  range,  tfie  attenuation  exceeded 
the  dynamic  range  of  the  measuring  setup  of  40  dB.  The  bandpass  filter 
exhibits  sufficient  low-frequency  attenuation  to  prevent  any  IF  loss  at 
the  LO  port  up  to  the  highest  IF  frequency  of  10  GHz.  In  the  passband, 
the  return  loss  stays  generally  around  15  dB.  This  includes  not  only 
the  reflections  of  the  filter  but  also  those  of  two  suspended  substrate- 
to-coax  transitions,  two  pairs  of  MPC2  connector  assemblies,  and  two 
MPC2-to-wavegui de  transitions.  For  comparison,  a pair  of  MPC2  adapters 
with  a 6-inch-long  MPC2  cable  assembly  in  between  lias  a minimum  return 
loss  of  14  dU,  When  the  6-inch  semirigid  cable  assembly  is  cut  into  two 
pieces  and  a 1-inch  section  of  suspended-substrate  line  with  two  transi- 
tions from  semirigid  cable  to  suspended  substrate  is  inserted,  the  total 
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RETURN  LOSS  — dB  ATTENUATION  OR  RETURN  LOSS 
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SA-3414  16 

FIGURE  111-10  MEASUREMENT  RESULTS  OF  LO-IF  DIPLEXER 
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relurii  loss  dccroasos  to  11  dli  minimum  and  17  dl!  avcTano.  Huncf,  the 
oiled  ol  Uio  bandpass  lillor  is  a small  dolor  ioi'at  ion  of  2 dll  in  t ho 
roturn  loss  ovor  t lie  return  loss  ol  Uio  suspeiulod  substrate  t hrou^li-1  i no 
alone.  Total  insertion  loss  ol  the  lillor  in  the  26 . 5- to-TO-GlIz  liand 
increases  from  1.6  dli  to  2.5  dli  wlioil  roforencod  to  tlio  6-incli  semirigid 
cable  assembly.  The  loss  of  tlie  suspended-substrate  t lirough-1  ine  alone 
is  0.8  to  1.3  dli.  Tlierefore,  the  filter  itself  adds  between  0.7  to  1.2 
clB  of  loss  to  the  LO  path. 

2 . Waveguide-to-Slot 1 ine  Tiansi t ion 

lor  proper  matching  to  llie  diodes  a 100-ohm  slotline  impedance 
IS  needed.  The  dimensions  of  this  slotline  on  quartz  were  e.xtrapolaled 
from  data  for  substrates  with  higher  dielectric  constants  than  quartz  and 
were  verified  experimentally  (2  mil  gap  width  on  a 10-mil  substrate). 

The  transition  from  waveguide  to  slotline  consists  of  a single  step  and 
a tapered  section  as  explained  in  Section  Ill-B.  The  total  length  of  the 
transition  is  0.7A.  in  air  at  the  low  end  of  the  band,  but  because  the 
wavelength  decreases  toward  tlie  slotline  end  of  the  taper,  the  actual 
length  is  more  than  A.  at  26.5  GHz.  Tlie  shape  of  the  taper  was  determined 
experimentally  by  testing  two  scaled  transitions  connected  back-to-back. 
The  model  experiments  resulted  in  a final  transition  with  a VSWK  below 
1.5:1  max  for  the  pair  or  1.22:1  max  for  one  transition  alone.  .Actual- 
size  measurements  of  the  transition  were  made  to  a limited  degree.  A 
single  transition  was  terminated  in  a small  100-ohm  chip  resistor  and  a 
return  loss  bettor  than  13  dB  was  observed.  The  parasitics  of  the  chip 
resistor  significantly  affected  this  measurement,  and  it  is  concluded 
that  the  transition  by  itself  must  have  a roturn  loss  of  at  least  15  dB 
(VSWK  1,43:1)  . The  losses  of  the  transition  were  estimated  by  measuring 
the  return  loss  of  a short-circuited  transition.  They  are  less  tlian  0.3 
dB. 
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3. 


l)loilp-Mulchint;-Not\vui-k  Dosiun  unci  Tlu‘orc‘ti c a 1 
Conversion  I.r)s.s 


Tins  subsection  explains  some  of  the  considerations  that  went 
into  the  desit^n  oi  the  diode-matching  network  and  presents  a theoretical 
estimation  for  the  convtn'sion  loss.  The  convors ion- loss  calculations 
follow  closely  the  work  by  Barber,'^  The  et|uivalont  circuit  of  the  AKI 
diode  is  shown  in  Figure  III-ll  and  it  includes  typical  element  values  for 
the  circuit  parameters.  All  elements  are  considered  constant,  except  for 
the  Junction  resistance  11.,  which  varies  periodically  with  the  IjO  signal. 


AEI  DIODE  C|  = 0.05  pE 

R " 412 
s 

Cp,  » 0.01  pF 
Lj  - 0.1  nH 

SA-3414  17 

FIGURE  111-11  EQUIVALENT  CIRCUIT  OF  BEAM-LEAD  DIODE  AND  MATCHING  NETWORK 


To  obtain  a good  match  to  the  RF  port  it  is  necessary  to  consider  R , 

the  average  value  of  R^  at  the  signal  frec|uency.  To  minimize  losses 

in  R , the  real  part  of  the  parallel  connection  of  R and  C has  to  be 
s RF  J 

maximized  for  the  frequency  of  operation,  which  occurs  at 


R 

RF’  opt 


1 


C 

J 
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I 


1)0 1 n p this 
for  the  AKI 


;it  the  uppc'i’  bandcclKo  of  -lO  GHz,  ono  obtains  R 
diode  . 


RF  opt 


80  ohms 


A matchinp  network  consistinK  of  a series  inductance,  L , 

P 

auRmentinK  L , and  a shunt  capacitance,  C , transforms  the  diode  network 
s p2 

into  a third-order  lowpass  filter.  A computer  optimization  program  was 
used  to  determine  the  optimum  values  of  I,  , C , and  the  impedance  of 

p p2 

the  input  line,  7.^.  For  the  diode  ijarameters  given  above,  the  optimum 
matching-network  parameters  were  found  to  bo  L = 0.32  nil , C = 0.041  pF, 

p p2 

and  = 50  ohms,  which  resulted  in  a maximum  theoretical  VSVVR  of  1.30:1 
in  the  26 .5-to— 10-GHz  band.  Because  two  diodes  appear  in  parallel  on 


the  RF  side  the  slotline  impedance  has  to  be  2Z  or  100  ohms.  The  addi- 

0 

tional  inductance  L had  to  bo  determined  experimentally  by  mounting  the 
P 

diodes  at  various  positions.  Similarly,  the  size  of  the  sapphire  chip 
that  was  used  to  realize  C ^ was  determined  empirically.  Judged  by  the 
measured  VSVVR  of  less  than  1.9:1  at  the  RF  port,  the  response  of  the 
practical  implementation  of  the  matching  network  came  close  to  the 
theoretically  calculated  value. 


With  R determined,  the  characteristic  conversion  loss 

RF  opt  ’ 

was  calculated  using  Torrey  and  Whitmer'.s^  results.  However,  instead  of 
operating  with  the  peak  LO  voltage,  the  pulse  duty  ratio  (PDR),  as  intro- 
duced by  Barber^  was  used.  Based  on  an  incident  LO  power  of  2 mW,  a 
PDR  = 0.25  was  estimated.  This  results  in  a characteristic  conversion 

loss  (that  of  an  ideal  diode  without  R ) of  4,6  dB . The  value  of  the 

s 

Junction  resistance,  which  is  seen  by  the  lO  signal,  is  then  calculated  to 

be  R /I  .33  = 60  ohms  and  the  IF  impedance  is  108  ohms.  Because  two 

RF  opt 

diodes  appear  in  parallel  on  the  LO  and  IF  side,  the  real  part  of  the 
lO  impedance  is  30  ohms  and  the  IF  impedance  is  a very  convenient  54  ohms  . 
Both  values  agree  closely  with  the  measured  VSWRs  . 
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In  adriitlon  to  the  oha  rac  to  I'i  s t i c loss,  furthor  losses  are  in- 
curred due  to  It  , mismatches  on  th('  IlF  and  IF  side,  and  circuit  losses, 
s 

The  following  table  summarizes  all  of  the  losses  contribulins  to  the  total 
theoretical  conversion  loss: 


Characte 

r is  tic  loss 

•1 

.6 

dB 

Ix)ss  duo 

t o Rfj 

0 

.6 

dB 

Mismatch 

losses 

0 

.1 

dB 

Circuit 

losses 

0 

.8 

dB 

Tot  a 1 

theoretical 

6 

. 1 

dB 

conversion  loss 

Mismatch  losses  are  calculated  based  on  the  equivalent  circuit.  The 

circuit  losses  arc  those  measured  on  the  component  parts.  The  discrepancy 

of  1 to  2 dB  between  the  total  theoretical  conversion  loss  and  the  measured 

conversion  loss  (FiRure  II 1-5)  can  bo  attributed  to  four  factors.  First, 

in  estimating  the  PDR , the  effect  of  R , which  increases  the  PDR , and 

s 

therefore  also  the  conversion  loss  was  neglected.  Second,  the  actual 

mismatch  losses  are  higher,  up  to  0.5  dB . Third,  the  circuit  losses  of 

the  matching  network  are  not  included,  but  are  estimated  to  be  significant. 

In  some  cases  the  conversion  loss  was  found  to  increase  by  as  much  as 

0.5  dB  as  soon  as  the  sapphire  chip  was  bonded  to  the  circuit.  Finally, 

the  termination  of  the  sum  frequency,  f + f , is  not  lossless,  and 

hO  RF 

energy  converted  to  this  frequency  is  lost  for  conversion  to  the  desired 
IF  frequency.  The  best  spot  conversion  loss  was  6.7  dB , obtained  in  a 
second  mixer  unit;  however,  the  overall  response  of  this  mixer  was  not 
as  good  as  that  reported  in  Section  III-C, 

f . Conclusions 

It  has  been  demonstrated  that  planar  techniques  and  GaAs  beam-lead 
Scho t t ky-ba r r ier  diodes  with  very  high  cutoff  fret|uencies  make 
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f 11 1 1 -wav».'Ki' balancoi)  mixers  possible.  The  planai’  lechni((iie  is 
not  only  aci  vant  aui'ous  1 rom  a production  and  size  point  ol  view;  it  is 
essential  tor  the  w ide-ttandw  id  t It  capaltility  of  this  mixer.  .Several  tech- 
nitpies  that  have  Ix-en  explori>d  previously  t)ut  at  much  lower  frequencies 
have  proven  to  ite  fully  usatile  at  millimeter-wave  frequencies.  Among 
these  is  the  use  of  a coplanar-waveguide  slot  line  hybrid  iunction,  the 
design  of  d i ode-ma t ch i ng  networks  Ijy  computer  optimization,  and  the  suc- 
cessful implementation  of  the  matching  network.  Conversion  loss  and 
noise  figure  of  the  mixer  are  not  as  good  as  those  usually  obtained  in 
waveguide  mixers.  However,  the  performance  is  excellent  if  compared  with 
similar  MIC  balanced  mixers  at  lower  frequencies.  The  inherent  isolation 
between  the  LO  and  RF  port  is  reflected  in  the  good  isolation  between  the 
LO  and  RF  port  that  was  measured  in  the  actual  mixer.  Further  work  is 
required  to  reduce  the  losses  in  the  LO  path,  particularly  at  the  high 
end  of  the  band.  Reducing  the  losses  should  make  operation  of  the  mixer 
with  1-mW  incident  power  with  a low  noise  figure  feasible.  In  the  present 
unit,  insufficient  pump  power  in  the  upper  half  of  the  RF  band  increases 
the  conversion  loss  to  10.2  dR  at  10  GHz  (1  m,A  bias  current).  In  addition 
a replacement  for  the  sapphire  chip  used  to  match  the  diodes  is  desirable, 
possibly  in  the  form  of  an  interdigital  capacitor. 

Extension  of  the  design  concept  of  the  Ka-band  mixer  to  higher  fre- 
quencies appears  feasible.  With  the  existing  AEI  Schot tky-barrier  diodes, 
coverage  of  the  full  40-to-60-GHz  band  is  possible.  However,  because  of 
the  lower  impedance  levels  required  for  the  RF  slotline  as  well  as  for 
the  LO  coplanar  waveguide,  a higher  dielectric  substrate  such  as  sapphire 
is  recommended.  Modified  designs  with  waveguide  inputs  for  the  RF  and  the 
IX)  signal  are  possible  without  changing  the  basic  concept  of  the  mixer. 
Finally,  it  appears  possible  to  use  the  design  in  an  extension  to  an  image 
enhanced  and  image-reject  mixer. 
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OPERATING  INSTRUCTIONS  FOR  THE  K-BAND,  MIC, 
IMAGE -REJECT  MIXER,  MODEL  KIRM-2(2) 
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Appendix  A 


OPERATING  INSTRUCTIONS  FOR  THE  K-BAND,  MIC, 
IMAGE-REJECT  MIXER,  MODEL  KIRM-2(2) 


I . Description 
a . Gene ral 


The  K-band  (18.0-  to  26.5-GHz)  MIC,  Image-Reject  Mixer  utilizes 
the  latest  microwave  integrated  circuit  techniques  to  realize  for  the 


first  time  a broadband,  image-reject  mixer  covering  the  entire  K band. 
The  mixer  design  is  such  that  conversion  loss  is  degraded  only  slightly 
(<  1 dB)  for  LO  power  variations  of  10  dB.  Specifications  are  shown  in 
Table  A-1.  Figure  A-1  is  a photograph  of  the  completed  mixer,  and  Fig- 
ure A-2  shows  the  assembled  layout. 


Table  A-1 

SPECIFICATIONS  OF  K-BAND 
IMAGE -REJECT  MIXER 


Specifications 

RF  frequency  range;  18.0-26.5  GHz 
LO  power  range:  3-10  dBm 

IF  frequency:  168  MHz 

IF  bandwidth:  110  MHz 


Connector  type 

RF  port  MFC  2 (male) 
LO  port  MFC  2 (male) 
IF  ports  SMA  (female) 


Power-supply  requirements 
Normal  operation; 

+15  ± 5%  volts  at  2 mA 
-15  ± 57o  volts  at  2 mA 
Absolute  maximum; 

±25  volts 


I 


* 
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b . Connectors 

RF  and  LO  Connectors --The  RF  and  LO  inputs  are  designed  for 
connecting  directly  to  0.085-inch  semirigid  coaxial  cable  so  that  the 
mixer  can  bo  easily  integrated  with  a YIG  filter  and  a YIG-tuned  local 
oscillator.  For  testing  purposes,  the  coaxial  cables  have  been  fitted 
with  Type  MPC2  male  connectors  (Maury  Microwave  Corporation)  and  mate 
with  the  waveguide  to  female  MPC2  coax  adapter  Model  No.  SK8012A  from 
Maury  Microwave  Corporation. 

IF  Connectors --The  real-  and  image -port  connectors  are  female 

SMA  type. 

c . Mounting 

The  mixer  may  be  mounted  in  any  position  by  means  of  4-40 
screws  through  the  four  mounting  holes  in  each  corner  of  the  image- 
reject  -mixer  box. 

2 . Environmental  Limits 

The  following  limits  should  not  be  exceeded: 

• Maximum  storage  temperature  80°C 

• Minimum  storage  temperature  -20 °C 

3 . Power-Supply  Requirements 

For  optimized  performance,  each  of  the  four  mixer  diodes  requires 
approximately  1 rtiA  forward  bias.  Bias  currents  must  be  supplied  from 
two  external  15-Vdc  power  supplies.  One  power  supply  supplies  bias  cur- 
rent to  the  two  mixer  diodes  with  grounded  cathodes  through  the  feed- 
through labeled  '15  V (FL3  on  connector  layout  shown  in  Figure  A-2), 
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The  negative  terminal  of  this  supply  is  connected  to  the  frame  ground  of 
the  mixer  assembly. 

The  second  supply  supplies  bias  currents  to  the  two  mixer  diodes 
with  grounded  anodes  through  the  feedthrough  labeled  -15  V (l’L4).  The 
positive  terminal  of  this  supply  is  connected  to  frame  ground. 

Approximately  2 mA  will  be  drawn  from  each  supply  when  adjusted  to 

15  V. 


4 . Operation 

Before  placing  the  K-band  image -reject  mixer  into  operation,  review 
the  general  precautions  noted  in  Section  5 of  this  appendix.  Then  pro- 
ceed with  the  following  steps: 


(1)  Connect  power  supplies. 

(2)  Measure  currents  from  each  power  supply  while  increas- 
ing voltages  from  zero  to  15  volts.  Currents  should 
increase  with  voltage  to  a value  of  approximately  2 mA 
for  each  supply. 

(3)  Measure  each  diode  voltage  while  full  bias  current  is 
applied.  The  diode  bias  voltages  are  brought  out 
through  feedthroughs  labeled  FLl,  FL2,  FL5,  and  FL6. 
Using  a meter  with  at  least  1 megohm  input  impedance, 
the  diode  voltages  should  measure  as  follows: 


Feedthrough 

Number 


Voltage  to 
Frame  Ground 


FLl  -0.(3  to  -0.7  V 
FL2  +0.6  to  +0.7  V 
FL5  +0.6  to  +0.7  V 
FL6  -0.6  to  -0.7  V 


(4)  Connect  local-oscillator  sources  of  0 to  6 dBm 
power  output  to  the  coaxial  connector  (MPC2) 
labeled  PI.  The  LO  input  is  on  the  same  side  of 
the  mixer  assembly  as  the  feedthrough  terminals  and 
IF  output  connectors. 
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(5)  Connect  Rl'  signal  source  to  coaxial  connector  (MPC2) 
labeled  P2--opposite  LO  input.  I’he  difference  be- 
tween the  LO  and  Rl'  frequencies  must  be  168  >01z . 

(6)  Connect  168-MHz  amplifiers  with  50-ohm  input  imped- 
ance or  50-ohm  loads  as  appropriate  to  IF  output 
Ports  J1  and  J2  (Figure  2).  The  real  and  image 
signals  will  appear  at  Ports  Jl  and  J2  as  follows; 

J1  J2  

Real  signal  Image  signal 
Image  signal  Real  signal 

5.  Precautions 


'> 

f 

LO 

RF 

> 

f 

RF 

LO 

The  procedures  discussed  in  the  following  should  be  noted  and  ap- 
plied du^ng  handling,  installation,  and  operation  of  the  K-band  image- 
reject  mixer: 

(1)  Mixer  diodes  may  be  damaged  by  static  discharges.  While 
each  mixer  diode  in  the  image-reject  mixer  is  buffered 
by  resistors  and  heavily  bypassed,  all  leads  should  be 
grounded  to  the  mixer  case  before  connecting  to  the  feed- 
through terminals.  Soldering-iron  power  cords  should  be 
disconnected  from  the  power  source  and  connected  to  the 
mixer  case  immediately  prior  to  and  during  soldering  to 
feedthrough  terminals.  All  coax  cables  should  bo  dis- 
charged by  connecting  the  shield  and  center  conductors 
simultaneously  to  the  mixer  case  prior  to  connection  to 
the  mixer  ports. 

(2)  It  is  recommended  that  the  feedthrough  terminals  be 
connected  by  flexible  wires  to  a solidly  mounted  terminal 
strip  if  frequent  connection  changes  are  contemplated. 
Connections  can  then  be  made  at  the  terminal  strip.  Be- 
cause the  feedthroughs  are  necessarily  small,  they  should 
be  protected  from  mechanical  strain  or  repeated  flexing 
to  prevent  breaking  the  small  center  conductor. 
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(3)  The  LO  input  port  (PI)  and  tlic  RF  input  port  (P2)  of  the 
image-reject  mixer  are  fitted  witli  MPC2  connectors.  These 
connectors  do  not  mate  properly  with  SMA  type  connectors 
although  the  nuts  are  the  same.  Attempts  to  force  a mate 
could  result  in  damage  to  the  connectors.  i'he  MPC2  con- 
nector is  of  much  higher  precision  than  the  SMA  type  con- 
nector and  is  necessary  at  K.  and  Ka  bands  in  order  to 
achieve  good  performance . 

(4)  The  RF  and  LO  inputs  to  the  K-band  mixer  are  in  0.085-inch 
coaxial  cable  for  easy  integration  with  YIG-tuned  ele- 
ments. Care  should  be  exercised  when  connecting  the  RF 
and  LO  inputs  to  signal  sources  so  that  the  cables  are 
not  bent  or  placed  in  torsional  strain.  Any  bends,  small 
kinks,  or  twists  can  have  degrading  effects  on  the  mixer 
performance . 

(5)  The  mixer  has  four  adjustable  pots  under  the  bottom  cover 
for  adjusting  the  individual  diode  currents  for  optimum 
performance.  These  pots  have  been  set  and  cemented  in 
the  optimum  position  for  each  diode.  It  is  recommended 
that  these  pots  not  be  adjusted  in  the  field  because 
proper  settings  can  be  obtained  only  through  a specific 
test  procedure  requiring  specialized  test  equipment. 
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Appendix  13 


FINAL  TECHNICAL  PERFORMANCE  MEASUREMENT  COMPARISON 
FOR  THE  K-HANU,  MIC,  UWGE-RE.IECT  MIXER,  MODEL  KIRM-2(2). 
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Appentlix  H 


FINAL  TECHNICAL  PEHEOHM/\NCK  MEASl’KEMENT  COMPAKISON 
FOR  THE  K-HANI),  MIC,  IMAGE -REJECT  MIXER,  MODEL  KIRM-2(2). 

I . Intrcidiiction 

Performance  fjoals  for  the  K-band,  MIC,  image-reject  mixer  are  as 
follows : * 


Input  LO  power  level 

0 dBm  minimum 

+6  dBm  maximum 

LO-port  VSWR 

3.0; 

1 maximum 

2.5: 

1 typical 

RF-port  VSWR 

3.0; 

1 maximum 

2.5: 

1 typical 

IF-port  VS\W 

2 . 0 ; 

1 maximum 

2.5: 

1 typical 

Conversion  loss,  RF  to  IF  at  f = 

f).5 

dB  maximum 

’ IF 

168  MHz  (IF  bandwidth  110  MHz) 

8.5 

dB  typical 

Noise  figure  (using  1.5  dB  noise  figure, 

11  .0 

dB  maximum 

IF  amplifier  at  168  MHz,  IF  bandwidth  is 

10.0 

dB  typical 

110  MHz) 

LO-to-RF  isolation 

11.0 

dB  maximum 

13.0 

dB  typical 

2X2  balance 

35.0 

dB  minimum 

40.0 

dB  typical 

Image  rejection 

15.0 

dB  minimum 

20.0 

typical 

Because  some  of  the  performance  goals  are  in  terms  of  maximum  values 
(conversion  loss,  for  example)  and  others  are  in  terms  of  minimum  values 


From  SRI  Proposal  ERU  73-210,  Section  IV-D. 
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(imaRO  rejection,  for  example),  the  followinn  convention  is  established 
with  regard  to  the  listed  "demonstrated  variance:" 


(1)  For  performance  goals  with  a maximum  upper  hound. 

(a)  A positive  (♦)  demonst ratcfl  variance  indicates 
a dcmon.strated  value  greater  than  the  maximum 
performance  goal.  The  demonstrated  performance 
does  not  meet  the  anticipated  goal. 

(b)  A negative  (-)  demonstrated  variance  indicates 
a demonstrated  value  less  than  the  maximum 
performance  goal.  The  demonstrated  performance 
meets  the  anticipated  goal. 


(2)  For  pei'formance  goals  with  a minimum  lower  bound. 

(a)  A positive  (+)  demonstrated  variance  indicates 
a demonstrated  value  greater  than  the  minimum 
performance  goal.  The  demonstrated  performance 
meets  the  anticipated  goal. 


(b)  A negative  (-)  demonstrated  variance  indicates 
a demonstrated  value  less  than  the  minimum 
performance  goal . The  demonstrated  performance 
does  not  meet  the  anticipated  goal . 


The  convention  is  summarized  in  the  following  tabulation: 


Planned 

1 

Demonstrated 

Demonstrated  Performance 

Value 

Variance 

Relative  to  Goal 

Max 

+ 

Does  not  meet  anticipated  goal 

- 

Docs  meet  anticipated  goal 

Min 

+ 

Does  meet  anticipated  goal 

- 

Does  not  meet  anticipated  goal 

2 . Technical  Performance  Measurement  Comparison 

The  final  measured  performance  of  the  K-band,  MIC,  image-reject 
mixer  [ SNR  KIRM-2(2)]  is  compared  to  the  design  goals  on  the  following 
log  sheets.  Data  are  included  for  three  local-oscillator  drive  levels: 
0,  +3,  and  +6  dBm.  All  data  at  0-dBm  1,0  drive  are  presented  first, 
followed  successively  by  data  at  +3  dBm  and  +6  dBm  LO  drive  levels. 
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TECHNICAL  KrRFORI'lANCE  IT'ASHhEME’.T  CnKPARISOfJ 


K-BantI,  MIC,  Imape  Reject  Mixer 
(Final  Hroduct) 


LO  Power  ■ 

O dBm, 

Parareter 

Planned 

Value 

Frequency 

GHz. 

Demonstrated 

Value 

Demonstrated 

Variance 

LO  Port  VSWR 


3.0:1  Max, 


(.'2  5 

\n9 

l.tl 

\-^l 

\.Uo 

\.3o 

\.3o 

\.21 

\.75 

\.SO 


-ns 

- \ 

-133 

- 1-33 

-1  Ao 


Approved  by : 


xAI^ 


(•)  variance  Inctcates  demo 
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TECHNICAL  PERFOTil'JANCE  MEASUKEKEKT  COMPARISON 


X-Bandy  MIC,  linage  Reject  Mixer 
(Final  Preduct) 


Date : 1^37/74- 


O dBm, 


Demonstrated 

Variance 


LO  Power 


Parameter 

Planned 

Value 

Frequeacy 

OHz. 

Demonstrated 

Value 

RF  Pert  VSWR 

3.0:1  Max, 

18,0 

130 

19.0 

1.30 

20.0 

l.W. 

21.0 

2-l6> 

22,0 

1 '80 

23.0 

2.^3 

2U.0 

l.2o 

25.0 

\'1S 

26,0 

\.L>S 

26.5 

\.^5 

Approved  by : 

(•)  Tarlance  ind 
L — 

Lcates  demon 

itrated  value  n 

Beta  the  antic! 
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TECHNICAL  PFRFO!iI-*.AN'CE  C 0, R IS  ON 


K-Band,  MIC,  linage  lieject  Mixor 
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TECHNICAL  PERFORMANCE  l^.ASUREMENT  COMPARISON 

K-Ban4,  MIC,  Image  Reject  Mixer 
(Final  Preduct) 

Date:_H^rT_S. 


LO  Power  • Q dBm, 


Parameter 

Planned 

Value 

dB. 

Frequency 

GHz. 

Demonstrated 

Value 

dB. 

Demonstrated 

Variance 

dB. 

Converalon  Lose 

9.5  dB. 

Max. 

18.0 

l.e> 

-\.n 

19.0 

8.< 

20,0 

-\-\ 

21.0 

8-8, 

.o-T 

22.0 

e-6 

23.0 

0-0 
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TECHNICAL  PERFORI^f N’CE  M-'.ASL'KEKENT  COMPARISON 


K-Bandf  MIC,  Iinap;e  Reject  Mixer 
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TECHNICAL  PERFORMANCE  MEASUHEMEOT  COMPARISO?! 


K'Band,  MIC,  Image  Reject  Mixer 
(Final  Preduct) 

-'2Cyi^ 


Date ; 


CD  dBr 


lA)  Power 


Parameter 

Planned 

Value 

dB. 

Frequency 

GHe. 

Demonstrated 

Value 

dB. 

2x2 

Spurious 

35.0  dB. 
Min. 

18.0 

19.0 

45 

20,0 

55 

21.0 

5'Z 

22.0 

44 

23.0 

44 

2U.0 

4(s7 

25.o‘ 

An 

26.0 

S'!. 

26.5 

50 

Approved  by ; 

(e)  variance  ind] 

bates  demons 

irated  value  me 

sts  the  anticipi 
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TECHNICAL  Pf^RFORHANCE  t'7:ASUREKENT  COMPARISON 


K-Bandy  MIC,  ImaRe  Reject  Mixer 
(Final  Product) 

rC\R^\ -2_t Pate:  l~tS 


LO  Power  ■ 

O dBm, 

Parameter 

Planned 

Value 

dB. 

Frequency 

GHz. 

Demonstrated 

Value 

dB. 

Demonstrated 

Variance 

dB. 

ImaF;e  Rejection 

15.0  dB, 

Mill, 

18.0 

Z'Z. 

A-1 

19.0 

4'0 

-aZS 

20.0 

d \8 

21.0 

Z2 

22.0 

1 ^ 

+ \ 

23.0 

ZO 

■*-  5 

2U.0 

zz 

tZ 

25.0 

ZO 

-V  5 

26.0 

zz 

1 

26.5 

zo 

^5 
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TECHNICAL  PERFORMANCE  MEASIIKF.MENT  COMPARISON 


K-Banii,  MIC,  linage  Reject  Mixer 


(Final  Product) 

D».= 

LO  Power  • 

+ dCiR. 

Parameter 

Planned 

Valua 

Frequeacy 

OHa. 

Demonstrated 

Value 

Demonstrated 

Variance 

LO  Port  VSWR 

3.0tl  Max. 

18.0 

1.^0 

^].lo 

19.0 

\.85 

-U\5 

20,0 

21,0 

UU8 

-\.5^ 

22.0 

1.56 

-1.4-2. 

23.0 

1.58 

-I.L2, 

2U.0 

1.15 

- \.  85 

25.0 

\.25 

-\.^5 

26.0 

\.15 

26.5 

1.50 

..  \.5C5 
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TECHMICAL  PERFORMANCE  MEASUREMENT  COMPARISON 


K-Band,  MIC,  Imaga  Reject  Mixer 
(Final  Product) 


Date:  Qhl i 


Pararwter 


Planned  Frequency  Demonstrated  Demonstrated 

Value  GHz.  Value  Variance 


RF  Pert  VS'dR 


- 

-\.n8 

*0.90 

-\.15 
- \.2.8 

- ua-2 

- \-R 


(•)  variance  Indirates  demonslrated  value  me 
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TECHNICAL  PERFCRl-lANCE  KsASHKEMECT  CO>?ARISCN 


K-Band,  MIC,  Imape  Reject  Mixer 
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K-Band,  MIC,  Image  Iteject  Mixer 
(Final  Product) 
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TECHNICAL  PERFORMANCE  MEASUREMENT  COMPARISON 


X-fiand,  MIC,  Itaage  Reject  Mixer 
(Final  Preduct) 


-'2(0 


Da  te ; 


LO  Power  • -r3  dBm, 


Frequency  Demonstrated  Demonstrated 

GHa,  Value  Variance 

dB.  dB. 


Parameter 


LO  te  RF 
Isolatlcr 


Planned 

Value 

dB. 


11.0  dB. 
Max. 


(-)  variance  indicates  denonslrated  value  melets  the  anticipated  poal. 
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TECHNICAL  PERFORMANCE  KI'IASUHEKEN’T  COMPARISON 


K-Bandy  MIC,  Iir.apie  Reject  Mixer 
(Fir.al  Product) 


LO  Power 


Parameter 

Planned 

Value 

dB. 

Frequency 

GHz. 

Demonstrated 

Value 

dB. 

? X 2 Spurious 

35.0  dB. 
Min. 

16.0 

4''2 

19.0 

20.0 

21.0 

54 

22.0 

44- 

23.0 

44 

2U.0 

44 

25.0 

4 ^ 

26.0 

4 e> 

26.? 

4 

Approved  by: 

(♦)  variance  indi< 

ates  demons! 

rated  value  mei 

:ts  the  anticinj 

Date;  l/lby-75' 


"+  3 dBm. 


Variance 

dB. 
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TECHNICAL  PERFORMANCE  KP:ASUKEMENT  COMPARISON 

P-. — — — ■ - ■ — - 

K-Ban^,  MIC,  Image  Reject  Mixer 
(Final  Product) 

Date;_^5/7S_ 
LO  Power  ■ ^ dBm. 
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TECHNICAL  PERFORMANCE  MEASUREMENT  COMPARISON 


TECHNICAL  PERFORMANCE  MEASUREMENT  COMPARISON 


K-Band,  MIC,  laage  Reject  Mixer 
(Final  Preduct) 


Date:  ^2/^7/ 74- 


Parameter 


LO  Power 


f 6.0  dBm. 


Planned  Frequency  Demonstrated  Demonstrated 

Value  GHs,  Value  Variance 


RF  Pert  VSWR 


3.0:1  Max. 


/.Z9 

/.  2-Z 


Z.3L 

Z.(oO 


~\n\ 

- ins 

- \.13 

-o-t& 

-).5^ 

_ Cj.^ 

-i.t-z 


Approved  by : 


t.87 
1.54- 
A6  7 

CL 

Jxi 


-M3 


(•)  variance  indiicatee  demonelbrated  perfcrinance  meets  the  wticloated  voal 


TECHNICAL  PERFDRHANCE  ffiASUKEKENT  COMPARISON 


K-Bani,  MIC,  Lnape  Reject  Mixer 
(Final  Preduct) 

>c- 1 


Date:  dibh^ 


LO  Power  “ 

+ ^ dBm. 

Parameter 

Planned 

Value 

Frequeacy 

inz. 

Demonstrated 

Value 

Demonstrated 

Variance 

IF  Pert  VSWR 


1.38 

1-35 

1.31 

\.'Z9 


(-)  variance  indicptes  demonstrated  value  meats  the  anticinafced  roal* 


TECHNICAL  PRHFORMANCE  KE':ASUHEMEKT  COMPARISON 


K-Bandy  MIC,  linage  Reject  Mixer 
(Final  Product) 


Date:  / ’ i 


LO  Power  “ 

7-^  dBm. 

Pei areeter 

Planned 

Value 

dB, 

Frequency 

GHz. 

Demonstrated 

Value 

dB, 

Demonstrated 

Variance 

dB. 

Comrersien  Loss 

9.5  dB. 

Max. 

18.0 

-)-9 

19.0 

7-8 

-1-9 

20,0 

7-9 

_ 1 

21.0 

8.4- 

-l-l 

22.0 

S-o 

- 1-5 

23.0 

7-8 

- 1.1 

2U.0 

1.5 

'■Z-o 

25.0 

7-8 

-Ul 

26.0 

8-1 

-0.8 

26.5 

?-5 

O 

Noise  Figure 

11.0  dB. 

25.0 

9-9 

-l.l 

Max. 

(•)  variance  indie 

ites  demonst 

Approved  by  ; 

'ated  value  met 

UcKC  ^ 

ts  the  antic ipa 

bed  goal. 
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TECHNICAL  PERFORMANCE  MEASUREMENT  COMPARISON 


K'Bandf  NIC,  Iaiaf;e  Reject  Mixer 
(Final  Preduct) 


Data : ^ 


LO  Power  “ -A-  ^ . <9  dBm, 


Parameter 


LO  to  RF 
Isolation 


11.0  dB. 
Max. 


Frequeecy 

Demonstrated 

Demonstrated 

OHs. 

Value 

Variance 

dB. 

dB. 

/O-o 

/O.  0 
J/.5- 
IZ.O 
i4-S 
Z/.  G 
Z-2  o 
/ 5'.  o 
/ 4 o 
/ 4.  o 


Atx)  roved  byf 


(>)  variance  Indicates  demonslbrated  value  meets  the  antlclrlated  roal. 


85 


TECHNICAL  PERFCRMANCE  MEASUKEMECT  COMPARISON 


K-Ban4y  MIC,  Image  Reject  Mixer 


(Final  Ppeduct) 

Date;  [/iS/'^S 


LO  Power  ■ 

-¥ic>  dBm, 

Planned 

Frequeacy 

Demonstrated 

Demonstrated 

Parometer 

Value 

OH*. 

Value 

Variance 

dB. 

dB. 

dB, 

2x2 

35.0  dB, 

Spurious 

Min. 

18.0 

44- 

19.0 

^Ar 

20,0 

54 

-^19 

21,0 

55 

-v-zo 

22.0 

44 

23.0 

45' 

+ 10 

2U.0 

45 

d- 10 

25.0 

4 (£> 

4l\ 

26,0 

5^ 

+ Z1 

26.5 

50 

+ 15 

WC 

Approved  by  : 

(♦)  Tariance  ind 

Lcates  demon 

itrated  value  > 

sets  the  antic! 

}sted  goal. 
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TECHNICAL  PERKCRMANCE  HEASUREMENT  COMPARISON 


XoBand,  MIC,  laaf^e  Raject  Mixer 
(Final  Praduct) 

ys^<»-zL-z)  Datatjjistll 


(♦)  variance  Indicatee  demonstrated  value  meets  the  anticilated  ^oal« 
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Appendix  C 

OPERATING  INSTRUCTIONS  FOR  THE  Ka-BAND,  BALANCED  MIXER, 

MODEL  RBM-1 
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Appendix  C 


OPEHATING  INSTRUCTIONS  FOR  THE  Ka-BAND,  BAl.ANCED  MIXER, 

MODEL  RBM-1 


1 . Description 
a.  General 

The  Ka-band  (26 . 5-to-40 . 0-GHz)  MIC,  Balanced  Mixer  utilizes  the 
latest  microwave  integrated-circuit  techniques  to  realize  for  the  first 
time  a broadband,  balanced  mixer  covering  the  entire  Ka-band.  Specifi- 
cations are  shown  in  Table  C-1. 


Table  C-1 

SPECIFICATIONS  OF  Ka-BAND  IMAGE-REJECT  MIXER 


Specifications 

RF  Frequency  Range : 

26,5-40  GHz 

LO  Power  Range : 

3-10  dBm 

IF  Frequency  Range: 

0.03-2  GHz 
(without  blocVing 
dc— 8 GHz) 

capacitoi- 

Connector  Type 

RF  Port  Waveguide  WR28 
LO  Port  MPC2  (male) 

If’  Port  SMA  (female) 

Power  Supply  Requirements 

Normal  operation: 

+15  + 5%  volts  at 

1 . 5 mA 

-15  + 5%  volts  at 

1.5  mA 

Absolute  maximum; 

+25  volts 
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b.  Connectors 

RF  Connector — The  RF  input  is  in  waveguide  WR28  mating  with 
Flange  UG(599)/U  and  l-dO  screw  holes. 

LO  Connector — The  LO  input  is  designed  for  connecting  directly 
to  0. 085-inch  semirigid  coaxial  cable  so  that  the  mixer  can  be  easily 
integrated  with  a YlG-tuned  local  oscillator.  For  testing  purposes,  the 
coaxial  cable  has  been  fitted  with  a type  MPC2  male  connector  (Maury 
Microwave  Corporation)  and  mates  with  the  waveguide  to  female  MPC2  coax 
adapter  Model.  No.  SR8012A  from  Maury  Microwave  Corporation. 

IF  Connectors — The  IF  port  connector  is  a fem.ale  SMA  type. 

c.  .Mounting 

The  mixer  may  be  mounted  in  any  position  by  means  of  4-40 
screws  and  two  tapped  holes  in  the  bottom  of  the  mixer  box. 

2 . Environmental  Limits 

The  following  limits  should  not  be  exceeded: 

• Maximum  storage  temperature  80°C 

• Minimum  storage  temperature  -20°C 

3 . Power-Supply  Requirements 

For  optimized  performance,  each  of  the  two  mixer  diodes  requires 
approximately  1 . 5 mA  forward  bias.  Bias  currents  must  be  supplied  from 
two  external  15-Vdc  power  supplies.  The  +15  volts  are  applied  to  power 
connector  FLl , and  the  -15  volts  to  power  connector  FL2 , both  with  re- 
spect to  frame  ground.  For  connector  layout,  see  Figure  C -1 . 
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J I IF  OUTPUT 


Approximately  1.5  mA  will  be  drawn  I rom  each  supply  when  adjusted 


to 


15  V. 


4 . Operation 


Before  placing  the  K-band  itnage-re.ject  mixer  into  operation,  review 
the  general  precautions  noted  in  Section  5 of  this  appendix.  Then  proceed 
with  the  following  steps; 

(1)  Connect  power  supplies. 

(2)  Measure  currents  from  each  power  supply  while  increasing 
voltages  from  zero  to  15  volts.  Currents  should  increase 
with  voltage  to  a value  of  approximately  1.5  mA  for  each 
supply . 

(3)  Connect  local -osc i 1 lator  source  of  3-to-lO-clBm  power 
output  to  the  coaxial  connector  (MPC2)  labeled  PI . 

(4)  Connect  RF  signal  source  to  waveguide  input.  The  dif- 
ference between  the  LO  and  RF  frequencies  must  be  within 
the  30-MHz-to-2-GHz  range. 

(5)  Connect  IF  amplifier  with  50-ohm  input  impedance  or 

• 50-ohm  load  as  appropriate  to  IF’  output  Port  J1 

(Figure  A-1) . 


5 . Precaut ions 

The  following  procedures  should  be  noted  and  applied  during  handling, 
installation,  and  operation  of  the  Ka-band  balanced  mixer: 

(1)  Mixer  diodes  may  be  damaged  by  static  discharges.  While 
each  mixer  diode  in  the  balanced  mixer  is  buffered  by  re- 
sistors and  heavily  bypassed,  all  leads  should  be  grounded 
to  the  mixer  case  before  connecting  to  the  feedthrough 
terminals.  Soldering-iron  power  cords  should  be  discon- 
nected from  the  power  source  and  connected  to  the  mixer 
case  Immediately  prior  to  and  during  soldering  to  feed- 
through terminals.  All  coax  cables  should  be  discharged 
by  connecting  the  shield  and  center  conductors  simultane- 
ously to  the  mixer  case  prior  to  connection  to  the  mixer  ports. 
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(2) 


It  is  riH'oniim'iKtc'd  that  t h<>  loodt  In-niinli  tt'rminals  ht-  con- 
noctcd  t)v  noxil)lo  wires  to  a solidly  mounted  terminal 
strip  il  rre<|U('nt  eonneetion  chani'cs  ai’c  eont  emp  1 at  oti . 
Connections  i-an  then  be  made  at  tlie  terminal  strip.  He- 
cause  the  leetlt  hrou^;hs  are  necessarily  small,  they  should 
be  protectc'd  from  mecbanical  strain  oi'  repeated  fle-xinj; 
to  prevent  breaking  the  small  center  conductor. 

(3)  The  It)  input  port  (PI)  of  the  balanced  mixer  is  fitted 
with  a MPC2  connector.  This  connector  does  not  mate 
properly  with  SMA-type  connectors,  although  the  nuts  are 
the  same.  Attempts  to  force  a mate  could  result  in  damane 
to  the  connector.  The  MPC2  connector  is  of  much  higher 
precision  than  the  SMA  typo  connector  and  is  necessary  at 
K and  Ka  bands  in  order  to  achieve  nood  performance, 

('!)  The  IX)  input  to  the  Ka-band  mixer  is  in  0. 085-inch  coaxial 
cable  for  easy  intetjration  with  YIG-tuned  oscillators. 

Care  should  be  exercised  when  connecting  the  IX)  input  to 
a signal  source  so  that  the  cable  is  not  bent  or  placed  in 
torsional  strain.  Any  bends,  small  kinks,  or  twists  can 
have  degrading  effects  on  the  mixer  performance. 

(5)  The  mixer  has  test  points  under  the  top  cover  to  monitor 

the  diode  voltages.  The  voltages  should  bo  measured  using 
a meter  with  at  least  1 megohm  input  impedance.  With  full 
bias  applied,  the  total  voltage  between  the  two  test  points 
should  be  1.2  to  1.4  volts.  The  voltage  of  each  diode  to 
ground  lies  within  i2  volts. 
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Appendix  D 


FINAL  TECHNICAL  PERFORMANCE  MEASUREMENT 
COMPARISON  FOR  THE  Ka-BANU  BALANCED  MIXER, 
MODEL  RBM-I 


! 
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FINAL  TKClINICAl.  PKRFOIlM/\NCK  MKASl'KKMKNT 
COMPARISON  FOR  TUF,  Ka-UANl)  bAIANCKl)  MIXFR, 
MODKI.  RBM-1 


1 . 1 nt  rodiic  t ion 

Performance  Koals  for  the  Ka-band,  MIC,  balanced  mixer  are  as 
foil ows ; * 


Input  LO  power  level 

0 dBm 
+ 6 dBm 

mi ni mum 
maximum 

IX) -port  vsra 

3.0:1 

2.5:1 

maximum 

typical 

RF-port  VSWR 

3.0:1 

2.5:1 

maximum 

typical 

IF -port  VSVVlt 

2.0:1 

1.5:1 

maximum 

typical 

Conversion  loss,  RF  to  IF 
(dc-to-lO-GHz  IF  bandwidth) 

9.0  dB 

8.0  dB 

maximum 

typical 

Noise  figure  (using  1 .5-dB-noi se-figure 
IF  amplifier  at  168  MHz;  IF  bandwidth  is 
110  MHz) 

10.5  dB 
9.5  dB 

maxi  mum 
typical 

10-to-RF  isolation 

20.0  dB 

25.0  dB 

maximum 

typical 

2 2 balance 

40.0  dll 

typical 

Because  some  of  the  performance  goals  are  in  terms  of  maximum  values 
(conversion  loss,  for  example)  and  others  are  in  terms  of  minimum  values 
(2X2  balance,  for  example),  the  following  convention  is  established 
with  regard  to  the  listed  "demonstrated  variance:' 


* 

From  SRI  Proposal  ERU  73-210,  Section  IV-D. 
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(1)  Kor  performance  goals  with  a maxi  mum  upper  bound. 


(a)  A positive  (+)  demonstrated  variance  indicates 
a demonstrated  value  ureater  tlian  the  maximum 
performance  ^oal  . The  demonstrated  per fomance 
does  not  meet  the  anticipated  noal . 

(b)  A negative  (-)  demonstrated  variance  indicates 
a demonstrated  value  les.*-  than  the  maximum 
performance  goal.  The  demonst  rate<l  per  frii-mancc 
meets  the  anticipated  goal. 


(2)  For  performance  goals  with  a minimum  lower  bound. 

(a)  A positive  (+)  demonstrated  variance  intlicatcs 
a demonstrated  value  greater  tlian  the  minimum 
performance  goal.  The  demonstrated  perforaance 
meets  the  anticipated  goal. 


(b)  A negative  (-)  demonstrated  variance  indicates 
a demonstrated  value  less  than  the  minimum 
performance  goal.  The  demonstrateil  performanc 
does  not  meet  the  anticipated  goal. 


The  convention  is  summarized  in  the  fcillowing  tabulation: 


Planned 

Demonstrated 

Demonstrated  Performance 

Value 

Variance 

Kclativc  to  Goal 

Max 

+ 

Does  not  meet  anticipated  goal 

- 

Does  meet  anticipated  goal 

Min 

+ 

Does  meet  anticipated  goal 

- 

Does  not  meet  anticipated  goal 

2 . Technical  Performance  Measurement  Comparison 

The  final  measured  performance  of  the  Ka-band,  MIC,  balanced  mixer 
(Model  RBM-1)  is  compared  to  the  design  goals  on  the  following  log  sheets. 
Data  are  included  for  three  local -oscillator  drive  levels:  +3,  +6,  and 
+10  dBm.  The  data  at  +3  dBm  drive  are  presented  first,  followed  by  data 
at  +6  and  +10  dBm. 
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TECHNICAL  F’fRFORMANCE  1<P;ASIIKEMENT  COyJARKON 


K -Hand  Balanced  Mixer 
a 

(Final  Product) 
KBM-l 


LO  Power  ■ ; 

Parameter 

Planned 

Value 

Frequency 

GHz. 

Dcnonstrated 

Value 

Datc:_j2^^/Z£. 


3 


Cemonstrnted 

Variance 


LO  Port  VSWR 


3.0:1  max 


Tested  by  : 
Approved  by : 


(— ) Variance  Indicates  demonstijated  value  meejs  the  anticipated  goal. 
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TECHNICAL  Fr,RFQRM.».NCF,  H'-ASUREI'Di:?.’!  C0>7ARI£C?I 


K -Band  Balanced  lllxer 
a 

(Fi!’.al  Product) 


Date;  '/n/^S 


LO  Power  ■ 

Planned 

Frequency 

Demonstrated 

Denonstratcd 

Parareter 

Value 

GHz. 

Value  ; 

Variance 

RF  Port  VSWR 

3.0:1  max 

26.5 

f.3C, 

- 

28 

ITS 

- f.ZS 

29 

l.US 

~/.ss 

30 

- I S9 

31 

/.ea 

- t.zo 

32 

/.  7t 

-!  ZJS 

33 

I.S2. 

34 

i S3 

-J  47 

35 

/./3 

36 

../•o6 

37 

/.  2t 

38 

/■3S 

39 

/■6d 

40 

/■9Z 

Tested  by  : 

^ " 

Approved  by : 

(— ) Variance  Indicates  demons tiia ted  value  mccis  the  anticipated  goal. 


TF.CIIMICAL  FRR-cy^I'i.Ah’CE  IC'.AEUKEI'Ef.’T  CO, IS OJJ 


K -Band  Balanced  I.Uxer 
a 

(Final  Product) 
KllJI-l 


Date 


LO  Power  ■ ^ 3 dBiri, 


Parareter 

Planned 

Value 

Frequency 

GHz. 

Denonntrated 

Value 

rer.onstrateri 

Variance 

IF  Port  VSWR 

2.0:1  max 

100  MHz  to 

/•  33 

2.0  GHz 

Tested  by: 

Approved  by : 

(”)  Variance  Indicates  demonstrated  value  meet 


the  anticlputdd  noal 


[ 

1 TECHMICAL  PERFCRM^^KCE 

o 

o 

is 

o 

1 

K -Band  Balanced  Uixer 
a 

(Final  Product) 

. 

RBM-l 

Date: 

LO  Power  ■ ^ 3 dBm, 


Parameter 

Planned 

Value 

Frequency 

GHz. 

Demonstrated 

Value 

Demonstrated 

Variance 

Convi  rsion  loss 

9.0  dB  max 

26.5 

0 

-/.o 

28 

— 0.:^ 

29 

if.  O' 

-/.o 

30 

v.F 

-/.Z 

31 

1.2 

- /.Z 

32 

7.7 

33 

?.o 

.-i.O 

34 

' Sf.l 

35 

S.O 

-/.o 

36 

It 

-f.Z. 

37 

7.0 

— /.o 

38 

2.1 

,o.% 

39 

i.L 

Jo.f- 

- 

40 

Noise  Figure 

'10.  5 dl)  max 

39 

to.  o 

— o.  S' 

Tested  by: 

Approved  by : 

(— ) Variance  Indicates  demonstmled  value  roecis  the  antlclpatt-d  goal. 
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TECIffllCAL  rKRFraHAN'CK  I'J^A^OC/'KNT  COy.PARLSON 


K -Band  Ualanct-d  I.'.ixer 


(Final  Product) 

Date;  z/z/As 


LO  Power  ■ 

Planned 

Frequency 

Demonstrated 

Demonstrated 

Paraneter 

Value 

GHz. 

Value 

Variance 

LO  to  RF  Isolation 

20.0  dB  min 

26.5 

/7 

-3 

Z / 

+.  1 

28 

29 

3/ 

-*-11 

30 

30 

-V-  lO 

31 

4-  (o 

32 

-.-4- 

33 

•+• 1 (9 

34 

^.2.0 

35 

zS 

+ S 

1 

36 

4-  g 

1 

37 

zc. 

4- 

38 

■zo 

4.0 

39 

35 

4-  (S 

40 

33 

-^13 

Tested  by  : 

Approved  by ; 

H*)  Variance  Indlcmes  demonstrhted  value  meetk  the  antlclpatid  goal. 
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TEC1!.‘.'IC/L  rr-RFOn.'-HN’CE  K’^ASI-'KEKE’.T  CO>;?ARISO.*; 


K -Hand  Balanced  lulxer 
a 

(Final  Product) 


Date:  ^/^2/7S 


Parar.eter 


Planned 

Value 


Frequency 

GHz. 


Denonstrated 

Value 


Derionntrntcd 

Variance 


2x2  Spurious 


35.0  dB  mi 


Tested  by ; 


Approved  by : 


rt-)  Variance  Indicites  demons Ina ted  value  meejs  the  antlclpati'd 
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TECIIMICAL  r"R’'CBM.^NCF,  /.nUlJEKFl.T  C03.nL'; Of? 


K -Hand  Balanced  Mixer 


(Final  Product) 


Date;  Z/Zf/'TS 


Parameter 


Planned  Frequency  Denonrtrated  Eenonstrnteri 

Value  GHz,  Value  Variance 


LO  I^rt  VSKR 


3.0:1  max 


Tested  by: 


Approved  by : 


(— ) Variance  indicates  demons tiju ted  value  meels  the  anticipulbd  goal. 
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TECtUilCAL  PnRFC.^ N’CK  J'7;ASUJT:;iENT  COyPARKO.’J 


K -Band  Balanced  f.^ixor 
(Final  Product) 


Date: 


Parameter 


Plannea  Frequency  Demonstrated  Demonstrated 

Value  GHz.  Value  Variance 


UF  Port  VSWR 


3.0:1  max 


Tested  by: 
Approved  by : 


(— ) Variance  indicates  demons tiLi ted  value  mccis  the  anttclpatbd  goal. 
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TECHNICA7,  r^rRFOHMANCE  1C- COyj>MiJ£C:i 

K -Baiul  lial.anced  I.!ixer 

a 

(Final  Product) 

RHM-1 

Date: 

LO  Power  ” 

Planned 

Frequency 

Dcronstrated 

Denonstrateri 

Paran-ter 

Value 

GHz. 

Value 

Variance 

IF  Port  VSWR 

2.0:1  max 

100  r.uiz  to 

/•  2 7 

-0.73 

2.0  GHz 

Tested  by: 

Approved  by: 

(— ) Variance  Indlcu 

tes  demons  tri 

ted  value  meet 

: Iho  anticipate 

d poal. 

9 


TECHMiCAi.  r'riRFOSM.AKCE  K;' asukek:: ’.T  co>?ARLsc:; 


K -Band  Balanced  Mi;(er 
a 

(Final  Product) 

RBM-l 

Date: 

LO  Power  ” -a  ^ rtBm, 


Parameter 

Planned 

Value 

Frequency 

GHz. 

Denonstrated 

Value 

Der.onr.tra*  "d 
Variance 

Conversion  Loss 

9.0  dB  max 

26.5 

7S 

-/.2 

28 

g.Z 

-£>.g 

29 

7.L- 

- /.<Z 

30 

7.^ 

31 

-l.l 

32 

7.5 

S 

33 

7:% 

-(.Z 

34 

‘7.H 

^1.2. 

35 

7,4 

36 

• • 7,fe 

_/,  4- 

37 

7.7 

3 

38 

7.7 

-/.3 

39 

7.3 

-1.-7 

40 

%.z. 

-o.S 

Noise  Figure 

10. S dB  max 

39 

9./ 

-/.4- 

Tested  by: 

Approved  by ; 

j>(t^ 

Variance  Indicates  dcmunslilited  value  mocis  the  anticlpall'd  goal 


TECHNICAL  r?R'’C'y’y-ANCE  r'/.r.'HEKEt.T  COX^LSCN 


K -Band  Balanced  I.'ixer 
a 

(Final  Product) 


Date: 


Parameter 


Planned 

Value 


Frequency 

GHz. 


Denonstrated 

Value 


Ceronstrated 

Variance 


LO  to  RF  Isolation  I 20.0  dB  mini 


Tested  by  : 


Approved  by  : 


+11.0 
+ U-o 


(^)  Variance  indicates  demonstrlited  value  roectk  the  anticipatld 


Ill 


TECliN'ICAL  PKRFray.ANCr:  I'':AKt!Rji:KEt.T  CO,--;?ARISOH 


K -Band  Balanced  I.Uxer 
a 

(Final  Product) 


RBM-i  Date;  //2z/7S 


LO  Power  • -/•  (> dBm, 


Parameter 

Planned 

Value 

Frequency 

GHz. 

Dcnonctrated 

Value 

Eenonstrated 

Variance 

2x2  Spurious 

35.0  dB  min 

26.5 

4S 

-h  lO 

28 

4-9 

+ v4 

29 

4-3 

30 

4S 

-4-10 

31 

4-(a 

-4-U 

32 

4C 

-4-11 

33 

4-Z- 

4-  1 

34 

nz 

4-1 

35 

43 

4-& 

36 

■.^7 

4-lZ 

37 

4-  \ 1 

38 

45 

-4-  1 O 

39 

46 

^ M 

40 

45 

4-  lO 

Tested  by: 

Approved  by  : 

(+)  Variance  Indlc: 

toB  demons ti 

a ted  value  mee 

s the  anticlpat 

-•d  Roal. 

TECd.'.'ICAL  PFRFOHJ^ANCE  l<r.Ar>l!}"J-C-:!;T  COr-’ARir.CN' 


K -Band  Halanct-d  I'dxcr 

ii 


(Final  Product) 


Date: 


Parareter 


Planned  Frequency  Deronstrated  Eenonntrated 

Value  GHz,  Value  Variance 


LO  R>rt  VSWK 


3.0:1  max 


Tested  by  : 


Approved  by : 


(— ) Variance  Indicates  demonstiutcd  value  meels  the  anticipated  goal 
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TECHNICAL  IxRFCIK'.NCE  CO.VF' I'.ISON 


K -Band  Balanced  Mixer 
u 

(Fir.al  Product) 

KIiM-1 

Date:  IJilJfS 

LO  Power  " V-/0  dB>Ti, 

Planned 

Frequency 

remonstrated 

Cer.or.ntrntcd 

Parameter 

Value 

GHz. 

Value 

Variance 

RF  Port  VSWR 

3,0:1  max 

26.5 

/ S3 

- 4 <^7 

28 

2./ 

- 0.9 

29 

2-0  ■ 

— o 

30 

-/-  02, 

31 

2 i 

-0.7 

32 

2-3 

-0-7 

33 

2.C.5 

- o,<1S 

34 

• 6£ 

- |,»1. 

35 

»-4S 

- I.SS 

36 

• •i.so 

- I.so 

37 

1 3>o 

-I.TO 

38 

MZ. 

- I.S8 

39 

t.T-L. 

-I.1S 

40 

1-*S1 

-IM7 

Tested  by  : 

Approved  by : 

(•■)  Variance  lndlc< 

tea  demons ti 

ated  value  meo 

8 the  antlclpat 

'd  goal. 
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TECHNICAL  rrUKORILAKCF,  1 V'; NT  COEPAHICO;,' 


K -Haml  f il  I'ixt,  r 

a 

(Final  Hraiuct) 


Lain:  //^t/7S 


1 

Planncti 

Freq'.:(>r.cy 

L'cltonnt  rated 

lenonstmted 

Parar.eter 

Value 

GH^. 

Valuo 

Variance 

IF  Port  VSWR 

2.0:1  mux 

100  to 

1 

/ r 1 

- (D-ST 

2.0  G!U 

1 

1 

1 

1 

Tested  by  : 

Approved  by  : 

(— ) Variance  Indlci 

Ics  demons  tr: 

ted  value  meet 

1 the  autlclpati 

(1  t;Oul. 

5 


TKCHHiCAL  r^RFCTK-AK'CK  Ri'ASiJ]{Ei-!};r.T  compariso:: 

K -Band  Balanced  Mixer 
a 

(Final  Product) 

RBM-i  Date;  f/7./  //r 


LO  Pcr,;or  ■ -t-/0  dBm, 


Psrar.eter 

Planned 

Value 

Frequency 

GHz. 

Bcnonctrated 

Value 

Eer.onstratcd 

Variance 

Conversion  boss 

9.0  dB  max 

26.5 

^,C 

— JO 

28 

g.l 

-'C\7 

29 

7.<f- 

-f(o 

30 

7.Z 

-/.  s 

31 

72 

-/.2 

32 

IS 

-aS 

33 

IS 

-/./ 

34 

Yo 

-A  o 

35 

7 <f- 

36 

.■  7<m 

37 

7.L 

-/•<?' 

38 

7<7- 

-A4 

39 

4.7 

-'z.i 

40 

7.4 

-A4t 

Noise  Figure 

1 0,  5 dB  max 

39 

IC> 

-A  9 

Tested  by: 

Approved  by : 

(— ) Variance  Indicates  demonstiiitcd  value  moeis  the  nnllclpatbd  gual. 
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TECHMIC/.L  fKRlTRi'.'AKCE  IC7.r,M;j’ COy~'.HISC!l 


K -Uand  lialaiicccl  I.Uxcr 

(Final  Product) 

KlsM-l 

Dates  •/Z7/7S 

LO  Pcn.'cr  ■ -1 

y"tO  dBm, 

Parameter 

Planned 

Value 

Frequency 

GHz. 

Denonet rated 
Value 

Eenonstmt  ed 
Variance 

LO  to  RF  Isolation 

20,0  dB  min 

26.5 

n 

- 3 

28 

4-  Z. 

29 

30 

30 

30 

lO 

31 

u 

32 

2S 

5 

33 

3d, 

4-10 

34 

33 

4-13 

35 

z3 

4-  ^ 

36 

Z7 

4-  1 

1 

37 

4-<V 

38 

/f 

- z. 

39 

"-M2. 

40 

32, 

4-  11. 

Tested  by  : 
Approved  by : 

(4')  Variance  iiidlcr 

Ics  demons tr 

ited  value  meet 

i the  antlclpali 

d goal. 
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TECHN7C/.L  irHFO! 


K -Hand  JIii lanced  V.iy.cv 


(Final  Product) 


Date: 


Pararetpr 


Planned  Frequency  Denonatrated  Der.onstrated 

Value  GHz.  Value  Variance 


2x2  Spurious 


35.0  dB  rail 


Tested  by: 
Approved  by : 


f^)  Variance  indlcltos  demons lija ted  value  mecls  tie  antlclpatLd  goal. 
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